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2. 29 Mz A LY

21, AbSPE AHALH QIR Ak

Arebd A Y=Y A= Magnetospirillum sp. AMB-1  (ATCC
700264) 0.2 H-¥  AAE AT Magnetospirillum  sp.  AMB-12
magnetic spirillum growth medium (MSGM) AellA 30T, &7]9
oA 4-59 &<k wistdth 1 Lol MSGM< 10 mL9
Wolfe's vitamin solution, 5 mL2] Wolfe's mineral solution, 0.45
mL 0.1% resazurin, 0.02 g ferrous sulfate, 0.68 g potassium
phosphate, 0.12 g sodium nitrate, 0.035 g ascorbic acid, 0.37 g
tartaric acid, 0.37 g succinic acid, 0.05 g sodium acetates 3% 35}
3 ek ol wigkst AMB-1-2 11300xgoll Al 2027+ A28k
. FAF AEs 16ERF 253 #3  (VCX500, Sonics &
Materials, USA) A4S &3l &=t AtstdE AU =g2+=
neodymium iron boron (NdFeB) A4S o] &3] A3t o PBS
2 53] A7 ¥ HFHo=z PBS Ao HEFHJH(Fig. 2). =A%
AhstE A=Y LESHCIEA21T, 158)5 Sl Eisd
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2.5. Gene expression analysis

Gene expression analysisE 913 g =2 RNA isolation¥ A

&, cDNA & taa 22 WHez dssith. RNAS F=

i

A& TRIzol reagent(Invitrogen, USA)S ©o]& A XA T2 &

ZS uz} JYP3FI . RNA 22 RNase-free waterol] &3] )

i

o1 Nanodrop (Thermo scientific, USA)S o] 83te] A sttt
RNA+T M-MLV cDNA synthesis kit(Enzynomics, South Korea)E
o] &3ato] AL AT

Real time PCR wWH&& AA 3 Zololm 2 ule} TOPreal gPCR
2X PreMIX kit(Enzynomics, South Korea) 17 uL, ¥4 3 cDNA 1
uLE AF£3}o] StepOnePlus Real-Time PCR System< %3}o] ©]
Folxtt. Endogenous reference genes GAPDHo|%lth. #2442
chondrogenic markers (collagen type-II(Col2Al), Aggrecan(Agg),
SRY(sex determining region Y)-box 9(Sox9)), hypertrophic
markers(collagen type-X(Coll0Al), Runt related transcription
factor 2(RunX2), matrix metallopeptidase 13(MMP13))ell th3d}e] ©]
Fo]H ). Gene expressions AACr HW oz FEAsSdch AA %

Zgto]lm = Table 20 HA ) Fo).
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Table 2. A& Zefolwo] gt 7<=

Gene Sense Antisense
GAPDH CCACTGGCGTCTTCACCA GCCAGGGGTGCTAAGCA
Aggrecan CGGAATGGAAACGTGAATC GGCGCCAGTTCTCAAATT
SOX9 ATGAATCTCCTGGACCCCTT CTCGCTCTCCTTCTTCAGAT
COL2ZAL GGGCCCAGTGGTCTTGCT GUCAGGAAGACCCCTCAG
COL10A1 GGCAACAGCATTATGACC CCACACCTGGTCATTTTC
RUNX-2 CCAAGTAGCAAGGTTCAACG CATCAAGCTTCTGTCTGTGC
MMP-13 GGCCTGCTGGCTCATGCT GTGCTCCAGGGTCCTTGG
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2.6. Biochemical analysis
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2.7. Histology
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3.4. Histology
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Abstract

Effect of Static Magnetic Field and Shear
on Chondrogenesis
of Human Mesenchymal Stem Cells

Minsoo Kim
School of Chemical and Biological Engineering
The Graduate School

Seoul National University

The chondrogenesis of mesenchymal stem cells are being
studied as an alternative to the repairment of cartilage. Recently,
among those studies, there have been reports about beneficial
effects on chondrogenesis by the application of the mechanical
stimulation to mesenchymal stem cells. In this study, the effect
of static magnetic field and shear on chondrogenesis of bone
marrow-derived mesenchymal stem cells was investigated. After
incorporation of magnetic nanoparticles derived from
Magnetospirillum magneticum AMB-1 to mesenchymal stem
cells, neodymium magnets and magnetic stirrer were used to

apply static magnetic field and shear to mesenchymal stem cell
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pellets. Mechanical stimuli were applied to the pellets for an hour
a day for 5 consecutive days per week during 3 weeks of
cultivation while the transforming growth factor beta was added
to culture medium. Both static magnetic field and shear was
effective for the chondrogenic induction of mesenchymal stem
cells. Static magnetic field and shear applied groups showed
higher expression level of chondrogenic gene markers. However,
hypertrophic chondrogenesis gene markers were not affected.
Also, pellet cultures stimulated by static magnetic field and shear
provided higher level of glycosaminoglycan content and collagen
content compared with pellet cultures that had not been
stimulated. In order to verify the MSC chondrogensis results
through detecting proteoglycan accumulation, Safranin-O staining
was performed. Among the groups, pellet cultures stimulated by
both static magnetic field and shear showed higher proteoglycan
accumulation. The results demonstrate that the application of
static magnetic field and shear could be a factor that enhances
chondrogenic differentiation of human mesenchymal stem cells.
Therefore our findings may provide a positive outlook in tissue

engineering of cartilage.
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