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waaduifiafiwulasuasuyed (Human mesen-
chymal stem cells %38 hMSCs) AoLT%LIAAFLARAYIAR
adult stem cells ?iwﬂulwmz@ﬂi'mﬁu hematopoietic stem
cells (HSCs) hMSCs H311IUUTTHIUTBEAL 0.000 - 0.0
09 uIuAATER A SeAAE (mononuclear cell) 9%
lulunszgn® Tag hMSCs anansasianimizideaiiia
UIUNLUBNTINE1HaE1999AL57 LasiANEINNTD
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wadludu saavedninavesiadensdonandenseiy
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senandelsiduiinmuegioui®a andayadenaiadredu
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#n1sRneInNdnsalunsias e lduwaa
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5513 heparin Wadlasiun1suiefivesidonuaziul
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namnziRgarasduindadivuladvasayesiiuentdann
lunszgn (BM-hMSCs)

ilunszgnitlfanidaansdag Phosphate buf-
fer saline (PBS) (Invitrogen, USA) Tudn3189% o 69 o
wdnilldlunasanaansiiussadns Ficol-Paque (GE
Healthcare Life Sciences, USA) nawianduinisesae
wssndlgudnans 500 g Kunan wo Wit figamniivas
Ansudei MNCs fluenldandudnedag PBS Wudwau
b A31 ndensdudneiesi MNCs Tluenlddaunilelusiy
§1499698 Haemocytometer fauitn MNCs d35ufimans
u,muaasflummsﬁymL@daz‘i‘dﬁ@ Dulbecco’s Modified Eagle’s
Medium-Low glucose (DMEM) (Invitrogen, USA) 17'{342\134
10% Fetal bovine serum (FBS) (Invitrogen, USA) A% oo
gilasialadans pennicillin/streptomycin (Invitrogen, USA)
ApwinlUmnzaeslunrusiAeowaseia T-25 (Coming
Life Science, USA) lnefinanununuiuyasivad ogd
o X o0® WARABAIIINIURNAT wazilUmNzEE
Tugiiesadfigangi oo serntaldesluusseinid
it 5% co, Tnenaidsusmaiseadingyn
o Fu Tngsznineiaznsiadeumsasaveswaslagld
ﬂé’m@awiﬁﬁﬁﬂﬁﬁ inverted microscope (Olympus, Japan)
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(0) m’a‘ﬁm:nmnmmaaﬂmﬂmaqauuﬂamaé
fidmzde BMhMSCs 63833 flow cytometry

#1 BM-hMSCs (passage @ & — € 31%3%
o X 00" WAR N1YNNNIAARAINAE mouse anti-human
antibodies ¢ ¥4 (Wiaay ¢ Wlasans Tagludni9ias
19ufINaza1e) A anti-CDA5-FITC (BD Pharmingen,
USA), anti-CD34-PE (Biolegend, USA), anti-CD90-FITC
(AbDSerotec, USA), anti-CD73-PE (BD Pharmingen, USA)
WAz anti-CD105-PE (MiltenyiBiotec, Germany) figaumgd
¢ DOFATEE 1Wwaan mo W7 AntRshwassniu
A19A98 PBS Magusswilaudnans 100 g wWiwian ¢ widl
ADWIWARNNIN A AIEN NG 1% (wh) paraformalde-
hyde 15 1X PBS wazsinandnaneinalagldin3es FACS
calibur " fow cytometer $3g/lUsLNIN CellQuest software
(Becton Dickinson, USA)

(o) NIANBIAMUAINITAIUNITIAS YNNIV
BM-hMSCs Tiiluwaanszgn

341 BM-hMSCs (passage fa— @ 31U € X 00°
WA NNZLAesluDNTIAsWAsYRa NH Osteodiff”
Medium (MiltenyiBiotec, Germany) GLuﬂﬁ?mngmLmﬁ
Y3 6-well plate (Corning Life Science, USA) ﬁ@mmﬁ?
oo D9FNTATEE MuUTIRNIATIE 5% co, Togaem
DWNTFBINTARTN @ Tu AWATULIAT o T UAIRG
Frvaadildadonsig <o AadlNans Alizarin red S
(Sigma Aldrich, USA) ﬁ@mmﬁﬁm WUk wo W
WrReaneResinnauEn @ ase Aewinlunsaadeufy
ﬂﬁaﬁﬂa‘ﬂiiﬂﬁ?}ﬁm inverted microscope

(o) NIANBIAMNAINITOIUNITIASUNAUIVDY
BM-hMSCs uidumvas Lugias

341 BM-hMSCs (passage fa— @ 31U € X 00°
wad anzaesluemsiagewastin NH Adipodif”
Medium (MiltenyiBiotec, Germany) GLuﬂﬁ?mngmLmﬁ
Y3 6-well plate (Corning Life Science, USA) ﬁ@mmﬁ?
oo D9FNTATEE LuUTIRINIATIE 5% co, Togaen
DINTRBITAINNT @ T1 AWATVIIAT o Tu udadeih
AT IFangandae o.¢ % (wi) Ol red O (Sigma Aldrich,
USA) T isopropanol ﬁ@m%qﬁﬁm WuIa1 wo w1l
Wa2d19R R NauBN b As9 newtinlUaTIadaURe

ﬂﬁaﬁﬂa‘ﬂiiﬂﬁ?}ﬁm inverted microscope
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o ndu Taenguuanagihamzidesluemaieoad
79 DMEM finsal 10% FBS Wa2 eco gindafiadans
pennicillin/streptomycin zi:;umjm‘ﬁaaﬂ%ﬁwmmwzlﬁmh
9MNTLABITASYRA NH Adipodiff® medium fiflszauan
Watuvasiiananglad eoo fadniudawndang Tuvae
ﬁﬂzg:m‘ﬁ'mmg‘v‘hm'a‘t,wwngmhmmiﬁ”mL@d@ﬁ‘dﬁﬂ NH
Adipodiff” medium Aifiszdueadaduvasnaanglag
woo Radniudaadans (@1wmgfigideidanlddeia
nglagaudatu woo fadniusewndanslunisdnuil
dosaniduszduiianaluiionlasiaievessiae
Tsmwwanudaulng lwvasfidiaanglasaaudade
soo fadnsusiowdassdussiuinaludenlagiaie
yospudandfihildvagidulsawmany 1ng BMhMSCs
9 o nauazgIINBAEsluuzABTadtia 6well plate
AILAUANANUIUUUYBIIAS € X o0® LIATFHDAIIY
wudaas Taedeuamsisaradnn « Ju uoan
o Tu Anuudsiwaddildludnedan PBS uazvinliing
&n1Me9g methanol AauinlUgaN Oil red O WA
lUnsIadaufienaesaanssAiuyie inverted microscope
Wetudmuradluduiiinannniamizies BM-MSCs
Tun13zsenans
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dAeadasiunisadgiandugasiosiuly BM-hMSCs 7
wnzAsdlunnaziaags

BM-hMSCs (passage 7 o — @) aggnudseanidu
o ndu Tagnguuanagihamzidesluemnaiead
79 DMEM finsal 10% FBS WA eco gindefiadans
pennicillin/streptomycin zhumjw’?iam%ﬁwmmﬂuﬁm"m
9MNTLABITASYRA NH Adipodiff” medium fiflszauan
Waturasinn1anglad eoo AaAniusoindans luvme
finguitauasinmamisidsslusmsiieowaduia NH
Adipodiff” medium Aifisziunnaaiurasiiaanglag
oo fadniudawdang 1ag BM-MSCs 119 o nauas
gnimzidsslunusdeoradin 125 fiseduay
AWILUBYDITAT € X 00" LYARABAITINIUHNATLAL
WasuemnTABadnn « fu Wunan o Ju Aint
Fedhudadanddn RNA Wehluasaadinsgiadunis
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w3l (adipogenic genes) AU ¢ 8% AD PPAR-Y, ADI-
POQ, GLUT4, LPL wag SREBP1c @3833 quantitative Real-
time PCR (qRT-PCR) lagld8w glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) 13 reference gene

§29879 RNA fidipain BM-hMSCs aggau
mmﬁgmﬂu complementary DNA (cDNA) PRI
reverse transcriptase (Invitrogen Corporation, USA) 198 cDNA
W o WiATAnTazgniIaINENiU oo Tulnalaans
forward primer 3143% o b1ATAAT, oo IATIHNATS
reverse primer MU o WlATAAT LAz SYBR” Green PCR
Mastermix (Applied Biosystems, USA) WU 00 WIATANT
d@uﬁwmmﬁﬂﬂu l\/licroAmp® fast optical 96-well reaction
plate (Applied Biosystems, USA) waasinluvinugisengnly
W@ﬁLﬁJ@LiZ\iﬁﬂmﬂ%‘lﬁm 7500 fast real-time PCR (Applied
Biosystems, USA) nglddunoudesaluil
Junouil o: gamgR ae perwales unan oo W
U o IOU
Sunoudl v gand ae asritaTed aa oo Jundl
FofIY gunNd wo pIANYARYE Wuia1 oo W
fasig s ol BIAIWATEE WulIan <o 1A
AU o TDU
Juneudl o: QAR ol seraded Wuan oo wIfl
N o 30U lagunzengnldnadinetsdnenaialy
primers Groid
ADIPOQ forward primer: 5’- CCTGGTGAGAAGGGTGAGAA -3/,
ADIPOQ reverse primer: 5’- CAATCCCACACTGAATGCTG -3,
GLUT4 forward primer: 5’- CTTCGAGACAGCAGGGGTAG -3/,
GLUT4 reverse primer: 5’- ACAGTCATCAGGATGGCACA -37,
LPL forward primer: 5’- TCAACTGGATGGAGGAGGAG -3,
LPL reverse primer: 5- GGGGCTTCTGCATACTCAAA -3/,
PPAR-Y forward primer: 5’- GACCACTCCCACTCCTTTGA -3,
PPAR-Y reverse primer: 5’- AGGCTCCACTTTGATTGCAC -3/,
SREBP1c forward primer: 5’- TTCTCACCTCCCAGCTCTGT- -3,
SREBP1c reverse primer: 5’- GGAGGCTTCTTTGCTGTGAG -3,
GAPDH forward primer: 5’- CAATGACCCCTTCATTGACC - -3/,
GAPDH reverse primer. 5’-TTGATTTTGGAGGGATCTCG-3’,
nsfnwmavesiaianglasdenisudaseanyasluiana
UURIWAR BM-hMSCs #2235 flow cytometry

%1 BM-hMSCs #112ia89lua1m shaeeLtas
% DMEM finaa 10% FBS Uag ooo gilnfafiadans

pennicillin/streptomycin wazilsziuAIsdaTweneinana
nglAg oo AaANNGBLTANTIWIN o Turpuwiwaa
Fmnzaeelfaniinishnaaindag mouse anti-human
antibodies @ Y19 (¥HAay ¢ WlAIans taglidn1sanans
1u61911a818) Ao anti-CD45-FITC, anti-CD34-PE, anti-
CD9O-FITC, anti-CD73-PE Wag anti-CD105-PE figamgd
@ asrwaRed Wuoa no Wil Mnadsihwasnthig
fag PBS fazusenilgudnans 100 g 1waan ¢ widl now
saanyIAAEN A8 1% (whv) paraformaldehyde 134
1X PBS waziiandmanzinalagliiades FACS calibur™
flow cytometer A38lUswnIN CellQuest™ software 1ag
Haf lfazin e udieuiu BM-MSCs finizidesly
AENaaUsnf
NINARDUNKAR
Tunsdeildiinimeasstiegetey o a3
rowifayadlduninaesfiBeUsanndienisiuanm
AaRe (mean) WAZANARIALAZEWLBIAGAE (standard
error of mean) wiIAshdeyafiduailduriniszey
Weuifiomanuuansieszitenaalagldisauaams
F0ALUY Mann-Whitney U test 19881 p-value fimwans
lameg3gnandfieieendmiawiniy o.o¢ a2gnandl
ANANLANFINITZNINNANFINA T F A N9FDA

wanisfinu
anvmznaznudatfveigas dundafiwulaiain
lunszgn (BM-hMSCs)

BM-hMSCs fiuenldfidnvazadionszdas
(spindle-shaped cells) (gﬂ‘ﬁ‘ o N) WasdIULUUNNS
LaA999nY8slaLANAUUR IR TN 26D hMSCs®
Ae finsudnseenvaslaanauwiagaayiia CD73,
CD90, CD105 wazludin1sudnIaany9latanauuia
WaaidnmzAewadilaliande CD34 uaz CD45
(FUT o 9 Weshnawileni BMhMSCs Iiianu
wasnazanuazwaslodu Tasshanmizideslueinis
\ReaLwasyiia NH Osteodiff® medium wag NH Adipodiff®
medium 1Thaaan we T4 uazthiwaaiiléluamasauyTana
v9LdadnIzgALATLYad ludufiiintudaeni3dond
Alizarin red S 4@z Oil red 0" * * #u31 BM-HMSCs 7
wenldlunsinwidaansaniagieuludurasnazen
(U7 o ¥ uazwaaludy (U o A) TEn1endenIsng
Geslunnazfimangas
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(n) (v) (@)
(¥)
cp34 ™ cpas| CD105

UM o AnvauzuazAmaNTAvaswassuifiadwulaiainlonszgn (BM-hMSCs)

(N) anwaUzYD9 BM-hMSCs

() WaAnazgniia3ayimsunatn BM-hMSCs sdarinniagansaed Alizarin red S
() WadlsiuiiadyRewniain BM-hMSCs wasinnnsdandaed Oil red O

(9) JUBUUNIILAAIEDNYDILaLANAULRIWAS BM-hMSCs

Scale bar Tu3U (A) () Wag (A) WY woo WIATINAT

HAYDINTILUIA1AFIABN1TLAAIDENYDITALAN ALY
A9aa BM-hMSCs
WieAnunaresAIzinaagesanITLEnIeen
yoslatanauuiagaafifinnudnisdaasduiiia
fiwulasl (MSC surface markers) 989 BM-hMSCs 734
1Av1n1swUs BM-hMSCs aandu v ngal Tagnguusn
Iinamizideslusmaiessadeia DVMEM 7
weial 10% FBS uasfiszduanudadusasinenangled
oo fiaAnsusiawdanafiediaseniziiaags (szdu
Aadadurasinn1anglaaf woo HaAniusiodans
duszduanadatuwesiiaanglaslufonsesdias
winuanlng) luwasfingadians Fadungaeaueu

'
a

AN A8 9l 8 e N TLALIWAR YRR DMEM 9

000 MIATLUAT WAL soo WWIATLHAT AINANGY

weial 10% FBS uasfiszduanudaduvasinnangled
soo TaAniusewndans (fed1ansnnziianauand)
MemdsmamnziReduna oe T4 HAMINAABILENI
Wiiwd1 BM-hMSCs Viﬁnmﬁmwﬁymhmazﬁwma@3@
F3UWUUNIUEAIB8NYRY MSC surface markers laiansing
nnganuaNfivin nnsiiesluniaziiaaUng
Tng BMMSCs Tadasnguiinisuansaanyasluanau
Rywaayfia CDYO, CD73, CD105 waglifin1suangasnyas
Tuanauuiawasyila CD34 wag CD45 (FUT 1) 1nwa
neasssenaassUldianazsihnagslademanseny
ﬁiagﬂLLﬁJUﬂ’liLLz\imaaﬂﬂm MSC surface markers U3
\aa BM-hMSCs
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-] cp4] T8 cpas| [c CD105
I CD34| cp73 i cpo| CD105

UM e HAYEIN1ITIAAESAaNITUEAIDaNYBIlaLANAUNRIYAR BM-hMSCs
AE gUuuuMsuangaanvaslaanauuRaLeaa BM-hMSCs fivinsinsiaesiuniizuinialsnf
F-J gUuuunsuansaanvaslatanauuiawas BMhMSCs fivinnismngiagsluniazuiiniags

KawBInAIZANAgIRaAaE AN T Y Rau Y
uwaalediuves BM-hMSCs
Wafnunavasn1azinaagedanNs1anTa
lunssaia lduwas loduves BM-OMSCs {39
1§vin1suss BMhMSCs eanidu o nan Tnsndauands
Jundunauaaldvinamadeduemaisadadyia
DMEM #irisiar 10% FBS daunguiidasazianmzieds
9WNTLABILTASYEA NH Adipodiff” medium fifiszaumI
Wadurasinn1anglad eoo HaAniuroindan luvase
finguitduasinmamzideslusvsiieeadeiia NH
Adipodiff” medium fifiszdunuiduiuvasiiananglag
oo HaANSusBIATANTNERAINI TS ABeTUAN
oc 1 HAMINARBILAASIFTIUIT BM-AMSCs ivinng
wnziAedls NH Adipodift® medium fifiszdusiiaaged
msad e lduas lwiuluusanadfisnnnin BM-
hMSCs f¥n1sziaesls NH Adipodiff® medium &
izﬁ‘uﬁwmaﬂﬁﬂaaﬂwﬁﬁﬂﬁﬂﬁ@mﬁaaa (0,00@ * ba

WIHUTEUAY el + oo, p < 0.06) (JUT o 9 UBNAMN
#anudn BM-hMSCs Avnnnsmnziaesis NH Adipodift®
medium fifiszdvsiaagefinaaigiau uiduwad
Tysiul@i5an37 BM-hMSCs Aivinisimizidsely NH
Adipodiff” medium Fiszsuimausnasngae Bna1nms
Anundilailduansdoya) Tnewadlusiufiaiaiauanan
BM-MSCs ososnguiianunifindnenied fowdudad
dnuanaafifidusinuguinansssana soo lailaiaes
wazdl lipid droplet azaapgiluuIanamnlulylonatds
(gﬂﬁ o ¥ WAz o A) ToSaAnd Oil red O (gﬂﬁ o A kAL
o ) Tuvaedl BM-MSCs fiimamnzidesluamsiaes
\Wadyia DMEM finaal 10% FBS laifinaasuuuas
suieludumadluiu Uil o 1) waghinuwadiiden
703 Oil red O (U @ 9 AIMHANNINARDIAINAIFTY
I§danasieagedanamiteaild BM-AMSCs fians
w3gsiamn lduaa lussluySnaiifstwiiswiey

o

WeUuAy BM-hMSCs AMnssnngsags lun19zdienadsns
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koo

Adipo Adipo + HG

U @ HavesNIZIMAgIsianaasalunsEI i das lulures BM-hMSCs Huian o 4
(M) ANLEAIANBULYRY BM-hMSCs 7vinsiaeslu DMEM #inas 10% FBS Tun13giianausnd

(¥) MINLERIENBAZYE9 BM-hMSCs Tivinnnsinizsaesls NH Adipodiff® medium lun1azmnanausni

(A) NMLERIANYRIZYDS BMAMSCs Tivinnnsumnziaesls NH Adipodiff® medium ﬁs‘iﬂmmﬁmﬁmaaﬁmmﬂ@ﬂm
woo NAANTUGDLATANT

(9) ANUARIANHAUZYES BM-MSCs T siiziassls DMEM finas 10% FBS unnazsinanausnd aemas
y1MN3gaNA38R Ol red O

(A) MNLERIENBAZYES BMAMSCs fivnisimnzidesls NH Adipodiff medium Munnazsinanatsnd nienas
yiNn138auna8d Oil red O

(@) ANUAPIANUMEYS BM-hMSCs A¥n1siaesls NH Adipodiff® medium ﬁﬁmmﬁm%mmﬁwmaﬂgha
woo HAANTHFABLATANT NENRINN1TTaNAILE Oil red O

(%) LHUDHLEAII143% adipocyte FARTHAINNITINNZALS BM-HMSCs 19 NH Adipodiff® medium uszsiusiaana
U3n6 (Adipo) wag NH Adipodiff* medium ﬁa’?mmﬁm%mmﬁwmaﬂ@ﬂa woo NAANTNADLATAMT (Adipo + HG)
IMILLBNQ%?LLQWM’]LQ&:EJ Lag error bar LLammwmmmmﬁ'awmmmﬁlﬂ (standard error of mean) ‘Tfiﬁ'}mm
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Adipogenic differentiation capacity of human bone marrow-derived mesenchymal stem cells in high glucose condition
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Discussion

and conclusion:

Type 2 diabetes is a disease in which the level of blood glucose is abnormally high due to a decreased
responsiveness of patient’s own cells to insulin. Several previous studies have demonstrated that an
increased number of adipocytes in adipose tissue is significantly correlated with an increased risk of
developing diabetes and cardiovascular diseases. It is known that significant amount of our adipocytes are
derived from mesenchymal stem cells (MSCs) presented in our bone marrow and adipose tissues.
However, the molecular mechanism regulating the differentiation of MSCs toward adipocytes as well as
an influence of microenvironment, especially an elevated level of blood glucose, on the adipogenic
differentiation process of MSCs is still poorly characterized.

In the present study, we investigated the effects of high glucose on the adipogenic differentiation capacity
and the expression levels of several adipogenic genes of human bone marrow-derived mesenchymal stem
cells (BM-hMSCs) in comparison to BM-hMSCs which were cultured in normal glucose condition.
Although high glucose condition did not have any discernable effect on the surface marker expression
profile of BM-hMSCs. The numbers of adipocytes generated from BM-hMSCs in high glucose condition
were significantly greater than those generated from BM-hMSCs cultured in normal glucose condition.
Moreover, the expression level of adipogenic gene Lipoprotein lipase in BM-hMSCs was also significantly
up-regulated when the cells were cultured in high glucose condition.

An elevated level of blood glucose in diabetic patients could up-regulate the expression level of adipogenic
gene Lipoprotein lipase and subsequently enhance the differentiation of BM-hMSCs toward adipocyte-lineage.
The increased number of hMSC-derived adipocytes might increase the level of insulin resistant in diabetic
patients, and therefore compromise the outcome of their treatment. We believe that the knowledge gained
from this study will increase our understanding on the mechanisms underlying the effects of high glucose
on adipogenic differentiation of hMSCs and might lead to an improvement in the treatments of both

diabetes and metabolic syndrome in the future.
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