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Due to a rapidly expanding aging population, the incidence of degenerative bone disease has in-
creased, and efforts to handle the issue using regenerative medicine have become more important. In
order to control various bone diseases such as osteoarthritis and osteoporosis, regenerative medicine
utilizing adult stem cells has been extensively studied. And it is now clear that the mitochondrial en-
ergy metabolism, oxidative phosphorylation, is important for the process of stem cell differentiation.
Interestingly, a recent study reported that salicylate promotes mitochondrial biogenesis by regulating
the expression of PGC-1a in murine cells. However, the possible effects of salicylate on osteogenic dif-
ferentiation through increased mitochondrial biogenesis in stem cells remain unknown. Thus, here we
investigated whether salicylate could influence osteogenic differentiation and mitochondrial biogenesis
of periosteum-derived mesenchymal stem cells (POMSCs). We found that salicylate treatments of
POMSCs undergoing osteogenic differentiation increased the activity of alkaline phosphatase, a
well-known early marker of bone cell differentiation. In addition, we observed that mitochondrial
mass was increased by salicylate treatments in POMSCs. Together, these results indicate that salicylate
can enhance osteogenic differentiation and mitochondrial biogenesis in POMSCs. Therefore, the find-
ings in this study suggest that small molecules augmenting mitochondrial function such as salicylate
can be a novel modulator for osteogenic differentiation and regenerative medicine.
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MSCs)= A7ks4 o] 7hsetm A2, ASAE 18 A
AE 508 st 232 F 7] el H34 248
< BASEY Aty 24 2R %L 5] A5 o
[14, 17, 18, 22]. MSCEZHE| ZTA X T A X2 F3l4
S5 283 AN ATl AFHoE 25 71dY AAE
7] M 2 (bone marrow-derived mesenchymal stem cells,
BMMSCs)7} o] &5 o] $kth. 842 7 BMMSCs®] 74 ol &
T FY g E7IAE FE Aol THtEE T3 AE
Aol Ate B3-S etk Ao s oY didEe Bt
gt Ao, FAA A T2 =4 A E S (osteoprogenitor
cells)& EF3st= =7 7199 A A Z7] 4 Z (periosteum-de-
rived mesenchymal stem cells, POMSCs)= A A 2| 82| A+
AZZ AHEEI QT POMSCse A 32 0.2 =403 3}
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erophosphateg  H7te =M Z £ 38} 21 ¥ 9 (osteogenic
differentiation induction medium, OMH} e H)ol| A A L ul] &
AT SAE 35 AT A EZu A oM F L 3Y
< 712 ZAHFAS

POMSCs2| ZAls? o MESH
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&) 2x10* cells/well?] %2 POMSCsE 24-well platec]
seeding¥ ¥l salicylate (Thermo Fisher Scientific, Wal-
tham, USA)E 200 M3} 1 mM FE2 A 8] 3 OMH]| & of
A A7 Az gtant. Azug 5497 1099 hemocy-
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seeding? ¥ salicylateE 200 yM¥#} 1 mM F =& 27} A
2 OMH FA oA A zujefetgitt. HAZ L3475 AE
W oF 543 1090 ALP 24-& E43kqt 2eFs] 71<std,
WA NP40 Cell Lysis Buffer (Life Technologies, Carlsbad,
USA)E A&35te] M E &8 (cell lysis)& A A5 &714
2ozl Y5 cell lysatese] %43 ALPS| 7] 4 (substrate)?l
p-nitrophenyl phosphate (Thermo Fisher Scientific, Wal-
tham, USA)E #A7t& & 1087 E2W-SAZ T © ¥ mi-
croplate reader (Molecular Devices, San Jose, USA)E ©] 83}
o 405 nm #9 FFEE FAst] ALP 24& £43A
o & U7 cell lysatesell t3) A= Bradford assay® T4
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A2 E Tt MEE 453 Fol PBSel FfA1713L flow
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Fig. 1. Effects of salicylate on the proliferation and viability of POMSCs. Salicylate treatments (200 uM and 1 mM) do not affect
neither POMSC proliferation nor its viability in cell cultures with an osteogenic differentiation induction medium (OM).
(A) Cell proliferations of 5- and 10-day POMSC cultures were determined by cell counting. (B) Cell viabilities of 5- and

10-day POMSC cultures were assessed by MTT assay.
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POMSCse] AMZF4 3 BE5H A e salicylated] ¥
< golry] 9ste] POMSCsel salicylate 200 uM#} 1 mM
o 52 474 Asta TAZLE OMH|F oA 547
283 1097 A=kt dth o] % cell counting 18] 1
MTT assayE 34T Salicylate® A g]atA &2 2T
7 Bl 239 & o, 200 M3} 1 mM salicylateE # 2] 3 150l
A 59 3109 o AlEE g el S4E AR FE
Hl gk A 02 YEHETh(Fig. 1A). MTT assay A @2 Foll A =
salicylate (200 uM# 1 mM) # 2] POMSCs¢] &% ¢l
Bt A0E 9% T4 ¥ A2 YE Wt (Fg. 1B).
ol ¢t AP AHEL salicylate’t 43 200 uMZ 1 mM2]
FEAAE POMSCs9| S4 583 AE5dd 9&< vA
A RE AR wodE.
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24
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Effects of salicylate on osteogenic differentiation of
POMSCs. POMSCs were cultured and induced to osteo-
genic differentiation with OM for 5 and 10 days. Treat-
ments of 1 mM salicylate increased ALP activities of
both 5- and 10-day POMSC cultures in a time-depend-
ent manner. Treatments of 200 tM salicylate enhanced
ALP activities of 10-day POMSC cultures but not of
5-day cultures. One asterisk (*) indicates p<0.05.



1458 BB UPIX| 2018, Vol. 28. No. 12

O

A& tha ALP 84 F7
HAE YA, BT} 5& 5532

OMHl & TFo vls] EMZ E3i= F77F B2HA &
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ol #ZEH AU Fig. 200 A4
mM salicylate # 2] &=

POMSCs2 ZMZEsl UM salicylate? OJEEE=
2|0} Mt CHEH HEF 24

POMSCs®] =M EE3F AA A salicylate?} P EZEF
of Aol mA= FFS Lotr7] Hdt] POMSCsE sali-
cylate (200 pM3}+ 1 mM)7F H7H SA 283 OM Hj ¢ ©.
2257 ¢ Azujoetaint. ol ZA Mg M Zol Mito-
tracker® Green FM &% dyeE A elsto] Alxy RlEZE
ol @Asth @41 POMSCsE flow cytometry 7] 2
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3A%0 A salicylates A atA] @& th2 7 vlaste] 200 uM
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Aejgto] 2A8 A 5A TN FETI JATH17, 25]. MSCs
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Fig. 3. Effects of salicylate on mitochondrial biogenesis during
osteogenic differentiation of POMSCs. (A) POMSCs
were cultured and induced to osteogenic differentiation
with OM for two weeks. The resulting differentiated
POMSCs were stained with a fluorescent dye, Mitotrack-
er Green, which is localized in mitochondria in the cell.
The stained cells were assessed for mitochondrial mass
by flow cytometry. Salicylate treatments (200 M and
1 mM) increased mitochondrial contents in a dose-de-
pendent manner. (B) Flow cytometric data from three
independent experiments are plotted. * indicates p<0.05
and ** indicates p<0.01.
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Fig. 4. Visualization and quantitation of mitochondrial bio-
genesis during osteogenic differentiation of POMSCs.
(A) POMSCs were cultured on chamber slides and in-
duced to osteogenic differentiation with OM for two
weeks. The resulting differentiated POMSCs were
stained Mitotracker Green to visualize mitochondria by
fluorescent microscopy. From fluorescence microscope
images shown, salicylate treatments (200 uM and 1 mM)
increased mitochondrial mass in a dose-dependent
manner. (B) Fluorescence microscopy images from three

independent experiments are plotted. ** indicates
p<0.01.
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