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Gene Expression of Candidate Genes Involved in Fat Metabolism During

In vitro Adipogenic Differentiation of Bovine Mesenchymal Stem Cell
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ABSTRACT

Adipogenesis has been one of the most intensely studied models of cellular differentiation. During adipogenesis, differential
expression of many adipogenesis related genes lead to profound changes in cellular, morphological, and physiological
characteristics of the differentiating cells. The aim of the present study was to examine the expression levels of adipogenic
candidate genes, cAMP early repressor (ICER), nephroblastoma over-expressed protein (NOV), heat shock protein beta 1 (HSPBI)
and succinate dehydrogenase (SDH), during adipogenesis of bovine mesenchymal stem cells (BMSC). The BMSC were cultured in
DMEM /low glucose medium with adipogenic inducers for 6 days and the expression of various candidate genes which seemed
related to adipogenesis were measured by real-time PCR. This study showed that the expression of peroxisome proliferator
activated receptor y (PPARY) and fatty acid binding protein 4 (FABP4) genes as adipogenic indicators were increased to 3.11 and
3.11 folds on day 6 than on day 0, respectively (»p<0.05). To determine whether candidate genes were related to adipogenesis, the
expression levels of ICER, NOV, HSPB1, and SDH genes were measured during adipogenesis in BMSC. Our results showed that
the expression level of ICER gene was significantly increased to 4.12 folds (0.01729 vs. 0.07138; p<0.05), whereas NOV, HSPBI,
and SDH genes were decreased to 2.89, 3.18 and 2.36 folds, respectively, on day 6 when compared to day 0. These results
suggest that these candidate genes have stimulatory or inhibitory effects on adipogenesis in BMSC, indicating that these genes
may be directly or indirectly related to the adipogenic event of adipose precursor cells.

(Key words : Bovine mesenchymal stem cell, Adipogenesis, Differential expression)

S| e A Bofste TS AT7F @8] o] Fo|AaL itk (Guo
9} Liao, 2000; Yagi 5, 2004). A*J23= hormonal induction
7)o S4e S (meat color), T-WHAIHE (marbling JJr 2 e N ASI B A X4jjrqu 5'3}04
score) 2 A% (tenderness) & T QRlol o3| AAHM, & vtk e A7 Adsel Ystd olg

8 SYAREE S48 ldsker v Fas 947 AeEd ‘ﬂnﬁ_ SolAQl iz HAHRE Fafo] 2 2t
] %5, 2006). WetA SANAS 9% Ao ddow o] AWAME ESHE fishs o AT T ded M de] 4
B2 QA o8 TuAEe FES mAE ANEE 2L gih A e SEEoR k2

o TG GARNE BAlE] 93 wHEo] APHm 9 AHEsl7 fFE%= 59 peroxisome proliferator activated
(Kazala 5, 2003; ©] 5, 2006; 7 %, 2008). A W&242 x|  receptor ¥ (PPARY), CCAAT/enhancer-binding protein family
59 Z7h 9 A7) 7t oJa o] FoiA = (3 %, 2008), (C/EBP family), fatty acid binding protein 4 (FABP4) 59| ~]
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th (A %, 2004; Bosnakovski %5, 2005).

L Lee 5 (2007) fﬂ-or"ﬂﬁ A o] A2 HHH7]e A
Ho] o] FAHE HES7] SAXAS toE Add R
FARL] dEPYS B8 A3 inducible cAMP early repressor
(ICER) frAxte] w&o] Z7hgS 8915}%3, Bronnikov %
(1992)2 brown adipocyte] A|WHE3IA] AL FA4& oA A7
I A Halol] S Fuha Basted, ICER a7 At
o] 93-S AAEITE 31, Snaithe 5 (1996)2 nephroblastoma
overexpressed protein (NOV) {4217} insulin- like growth
factor-binding protein (IGFBP)¥} AR F2& 7FAaL 9o,
IGFs} Agtate] AEe] T4 ek FA, APEAEe] E3A
Hlaqo]:o] FANARS _‘g_’ 2| ek _L]—a'lo] otk R &kt El:z:yl_’
heat shock protein beta-1 (HSPB1) 388k 24 7]z}o] 8le]%]
7 @3 AN, FUWAEETL e g & Sz
2ol wlal] wgo] vhA v}, 17] 24
= Ax7t 4 ki FA4sa ﬁlE}(Klm
dehydrogenase (SDH)©= <5Ul9] <

AE BajA 7Tk a8} 1 (Pethick 5, 2005) “Zﬂi Kim
T (2009)2 g5 SAlZA o)A SDH frzke] walo] 12710

Hlg] 2770 ol who R ZAAgrkar Bagte], o] FHAh A

AE o\r{

A3 BAg o] glrkar ke

2 Al AHEE bovine mesenchymal stem cell (BMSC)<
A7F AL e 54 @A met o Tes Ad AER Zs}
7} 7FsE thiist s8] S Aotk weEbA E A= BMSC

£ o|gslo], o] AN T AW 9 &5 2 W A
9 53lol BHoe] 9l& Ao FZHE ICER, NOV, HSPBI ¥
SDH +Axte] Wweelds MEFTA FAsIa, o5 Ak

s Ase] Belge v - EAlge.

t}. BMSC9 Zﬂﬂﬁﬁok-ﬁ— 10% FBS, 1% penicillin-streptomycin,
2 mM L-glutamin®] %7} DMEM/low glucose (GIBCO,
USA) Hj%Fels 7]Bufjakelo g alo] 5% CO,, 37T ZHoR
100 mm petri-disholl ®jatd AE7F 100% confluenceel =%
& F, AR AN ARRse TRl Aual
FZAZ 10ug/ml insulin, 10uM dexamethasone, 0.5 mM
3-Isobutyl- 1-methylxanthin (IBMX), 200 uM ascorbic acid, 33
uM biotin ¥ 1 mM carpyric acidE F7}5le] 64 5Ot A<
AEsts FEAZeH, e F v 29 Ao B3 =¥

b
AEE Bageh B Age] AR Ao R Aol gt
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7% Sigma-Aldrich (USA)9] B4 Aoke A3t
2. Oil red-O LA

AL A3t Jrs @klshy] flsto] A9l wik 095-E 2
A HE0= oil red-O FAS AAEIL Hsl AE AEE
PBS(Glbco)i AlFEA 10% formaldehydeZ 4587F 1AAZ]
& TA] PBSE 23] AH3 oM, 60% isopropanol® 2% F<F
AN 1 & oil red-O (0.5 /100 ml isopropanol) stocks
THTE ol83to] 60%= 3MA7 GAENoR 307 w1t G
31911, PBSE AlFste] 914k &7 (Olympus, Japan)ollA]
400019 wi&E HA GAE AW AE A

H I

3. Total RNA £=

BMSC| Aiste] wpe AWial #d SEfHRe] e
S FA] Hste] w8t A weh $4EH HE TRIzol
Reagent (Life Science. USA)E %7}50] total RNAE %319
th. 3|43 AEE TRIzol 1 mlt 38l chloroform 200 ulE
Arkete]l EFAZLE 1 F 1087 9A1E2] (12,000 x rpm)3e]
T s 35ESiaL e 579 isopropanols 7t
3t 10%7F QA2 (12,000 x rpm)3te] pellets 3]4-3193t). 3
44 pellet 70% &2 AF - 124171 3, diethylpyrocarbo-
nate (DEPC)Z 2|3 5574 (DEPC water) 50ulol o] 23|
o]-&-s}3tk

4. cDNA &4 2! real-time PCR =

Total RNAZHE 9] cDNA 42 3ul9 total RNA®] 1uld]
random hexamer primer, 1.5 ul®] dNTP, 7ul®] DEPC water&
A7kstel 65TelAM 583F AP F, 4ule] 5X buffer
(Invitrogen, USA), 2ul® 0.1M DTT, 1ul® superscript
enzyme 2 0.5ul9 RNase inhibitorS *7}st] 42Col4 502
59F annealingA]# 70 ColA 1587 cDNAE 34d3H3iTh

Real-time PCR (Applied Biosystems, USA)< 2ul®] cDNA
(50ng), 10ul® 2X Power SYBR Green PCR Master Mix
(Applied Biosystems), 1ul®] primers (10pM) % 7ul®] DEPC
waters T3] 94ColA 15%, 58TCA 25% &< &, 72
CollA 2027 FA3HaL, AA] 40 cycles F33199tE PCR &
5 %, AR qualitys Z4317] $l8te] 95CoAXFE 50C7HA]
melting temperature #2 4813, F4F Wde] Jujd 4
o ACt ZH(5AAF] Ct-GAPDHS] Ct #h)& AXkste] 275 gro
2 Ad AEEAE AAEATE Ct 32 threshold cycleZA]
W peak7} F4E= A3 PCR cyclet® YERATE whebA
Ct gto] 25 L] A3 ugth fFaah Bage] i &
4& $1519] house keeping 7421 GAPDH (glyceraldehydes-
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Table 1. Oligo nucleotide primer sequence of the adipogenic genes

Gene Type of primer Primer Sequence
PPAR " Forward 5" - CGA TAT CGA CCA ACT GAA CC - 3°
¥ Reverse 5" - AAC GGT GAT TTG TCT GTC GT - 3°
FABP 47 Forward 5" - CGT GGG CTT TGC TAC CAG - 3°
Reverse 5" - TGG TTG ATT TTC CAT CCC AG - 3°
ICER? Forward 5" - GGC ATT CAA GGA CAG CAA TA - 3°
Reverse 5" - GGG CAT CCA GCA GTA CAA TAA - 3
NOVY Forward 5" - GGT GAA GTC CAA GGT CAT ACT GAG - 3°
Reverse 5" - AGA GTG CTC CAC AGA GAA CCC TTA - 3°
HSPB1? Forward 5" - AGA TCA CTG GCA AGC ACG AGG AAA - 3
Reverse 5" - GGG CAG CGT GTA TTT GCG AGT GAA - 3
SDH? Forward 5" - TTC TGC GCA GTA TCC AGT TG - 3°
Reverse 5' - CCA GTT GTC CTC CTC CAT GT - 3°
GAPDH” Forward 5" - GGG TCA TCA TCT CTG GAC CT - 3
Reverse 5" - GGT CAT AAG TCC CTC CAC GA - 3

U PPARY, peroxisome proliferator activated receptor y; 2 FABP4, Fatty Acid Binding Protein 4; * ICER, inducible cAMP early
repressor; © NOV, nephroblastoma overexpressed protein; > HSPBI, Heat Shock protein beta-1; © SDH, Succinate dehydrogenase;

" GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

3-phosphate dehydrogenase)E ©|-8-3t3th. ¢ 482 33 HHEs}

%3, 7 primer sequencei= Table 1] YERNITH
5. 8AHEA

BMSCY| Auale] whe fdzke] a2 e 74 f24
9] ACt-GAPDH ACte.= Abetglal, w3 weh gl 4
A least square means (LSM)2] #oZ AT ZF
Azte] W - R-statistical program®] ANOVA 2dS- o] &

sto] BAEal 91229l Zo]= Duncan’s multiple range test

1. BMSC2| X|&+Z35}

BMSC 8] Aiitsl s dopry] flate] i3} wjdds
ojgsto] 6 et EIHrE AL, EEE AdHel wet 2
o2 Ol red-OZ G5}l (Fig. 1) H2AMo2 A A
Aol Akt 470, 2, 4 2 6l wet F7HEE AS E9ls)
Atk

i, FA7 LS B AWAE FIE @lE] Slel
peroxisome proliferator activated receptor y(PPARY)9} fatty
acid binding protein 4 (FABP4) +4zt2] &9kS real-time
PCR< ©l-83to] geletgitt (Fig. 2). BMSCO| AMEdhE 0
ZHE Agho] Aabel kel 7 fdabe] wEge] fofHew T
7kete] AEsl 64 ¢ 093 vlastls W, PPARy< 3.11
Hj, FABP4+= 3.114}7} Z7}813Ith (p<0.05). PPARYE AlE9] A
WRels s AALEREAAl (Resen, 2005)2M, Bosnakovski

Fig. 1. Morphological changes of BMSCs during in vitro
adipogenic differentiation. The cells were cultured
in DMEM/low glucose medium with adipogeic
inducers for 6 days and stained by QOil red-O
solution at in every 2 days; A, day O; B, day
2; C, day 4; D, day 6.

g

5 (2005)> BMSCs ol&3to] Aisks 524171 23, PPAR
y A ozl HlE] 84m] SRS Btk
FABPA APAZE ol ok Ak} Agtsle] Alxue]
AEA T Apate] Abste] F2 Aggta g e AP
A% thlolt} (Frohnert 5, 1999; Wolfrum 5, 1999). Lee
5 (2007) bovine preadipocyte AlFEolA A3 A Fob
FABP4 r7d7te] ool A& 08 Frkgttal Hastglry 2
43l A, PPARy®} FABP4 37k o de 37t 28
WA HES] S7keRE AoR UERY, 919 AR A et

o Y

—267-



Kim et al. ; Lipid Metabolism Related Candidate Gene Expression in BMSC

PPARy FABP4
__ 600 12
5] 4 g a
a  s00 2 1
~ o~
T 400 T 08 o —
= b =
g 20 . be - T 06 & -
d S
‘5 200 ‘E 0.4
s :- i _- B
o bt
(= 0 = 0 — —
S S
Oday 2day 4day 6day Oday 2day 4dday 6day

Fig. 2. mRNA expression of PPARy and FABP4 genes of BMSC during in vitro adipogenic differentiation.

ab,cd

The expresion values are shown as mean t standard error of three replicate runs. ®™" means
significantly differ, p<0.05.

AR RS UEhiglan, APEEst St AW ApEEAo] A& AAlelAM, ICER, NOV, HSPBI % SDH 7] p value7t 2
Ao v57}9—°— ol AgHoR AR FEAASS BT 2 22187, 1677 7, 6075 7 R 2456 "0 iEe] fo)o]

=z
T2 O
T It
2. BMsSCe| x|&=3t &

SERLe| Wl

shock protein beta-1 (HSPB1) % Succinate dehydrogenase =7 YER, o] fdx7l A=
(SDH) #3#te] L& UAS real-time PCRS Fa] FAlSto] Fig. 2 A¢olME ICER #7372 £&
3ol QoFsiith ICER #3Ate] YL 09 olF Fozow o Hlg] 699 45 41289 S715 ®ol A=A 43
7kt 64 04¥ nlaalA 4.12v] F7FIATH(p<0.05). §H, = ALSE YERiTh 9, NOV Ak el retroviruss

ICER, NOV, HSPB1 % SDH

o= Ao e}, o) §Ax7l Aus 45 Eok

7F ik & FES nAE 22002 YERITH(Table 2).

ARt HHE 7aAIt (Zhou &, 2003). L2t Lee
ANEE EIATIE EQF

BMSC9 A3} 5o inducible cAMP early repressor 2o F7HEla, ¢ WS A - 379 SAZZME ICER
(ICER), nephroblastoma overexpressed protein(NOV), heat 3z TdAYS vjwdt Ay W&o F7lsk= HE&F7]0

(2007) ICER +#zke] 2&o]

T3

ICER §-AA= ey} Auite] 93] Z7}8}3 insulin &
5
[}

A3} o] rkn wuas
e Wlwe A3, Auie 0
O =

= T

7l

C‘_

HSPB1 77k w2 Auhislrt Zgdel weh 0d o)% A7l Ao 28 FHAZ (Soret 5, 1989), Snaith
A28 3L (p<0.05), NOV 2 (1996)> NOV 327 AlaEe] #ake} S4le #ojstal, B3] Al

0,];(4 oz 71—)\0 oq %1 3. ISHH
SDH f-#zte] 744, wddo] 093} Hlusle] 60101]L 77h 289 £ A% A A deRtha Buskglal, Benini
L, 4943} 60M= o291 o] Tanabe 5 (2008)%= Al3E9] AdARIAtE 28

o 2 236w FHAE HQO
b 4 5(2008) 12, 20, 24, 27 % 30 /1€H9 -5 o]

7 vehba gk EH, 2 el SEG Rastel B
wae] TAEAE Agee] BAE  NOV A7) wA%S 24 or
S (pe0.001)3 23} Asieke]  Z7Kslo] 30 AL FHE ol WAHSS BuaRT

T

Qe B Sla) A
A

\_35]
NS AASGITE 1 A wdY

A3}, N e 2<%

5 (2005)3F
gha Baghl gk,
-8-3}o]
31

Table 2. Statistical analysis of adipogenic gene expressions using ANOVA between day 0 and day 6 during
adipogenesis in BMSC

Gene Source Df Sum sq. Mean sq. F value Pr (>F)
ICER Day 1 0.0045053 0.0045053 150,68 2 718607+ +*
Residuals 10 0.0002951 0.0000295 ' i
Day 1 0.077193 0.077193
NOV i 161.97 1.677e-07***
Residuals 10 0.004766 0.000477
D 1 41 41
HSPBI i s0416 s0416 323.13 6.0756-09%+*
Residuals 10 2.489 0.249
Day 1 0.258123 0.258123
SDH i 54.011 2.456e-05%***
Residuals 10 0.047791 0.004779

*** Means significantly differ, p<0.001.
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Fig. 3. mRNA expression of ICER, NOV, HSPB1 and SDH gene during in vitro adipogenic differentiation in BMSC.

The expression values are shown as mean+standard error of three replicate runs.

significantly differ, p<0.05.

Kim 5 (1997)% Hwa %5 (1999)% NOV 427} IGFBP9}
Absh, IGF9 &S dAlgte] g4 08 Apists oAt
= ARE Rusilth B dAFerE, AREspt [A8deE
NOV {7k} & gFo] 0ol vlsh 692 2.894 FHAske] Kim
S (1997)¥ Hwa 5 (1999)9] 2} AR Aaks veplth
HSPB1 f-HAR= stress #d ©illdz IH-5E9] A EA
apoptotic pathwayS dete] AEIALE i,
S Fuu 48A At (Garrido 5, 1999; Pandey 5, 2000). 7
S (2008) -] W& A - F7]e] HSPBl A wAPE
Hlagk Az Aeke] AL HjgH 7o @ol] WAHQIY B s}
Aok £ AAe AEsrh zaded wek HSPBI XAk

waoke] AWk 23b 0U9 10.22769] HE] 6YS 3214774
31849 A UEeRlo], 7 5 (2008)9] Adtel fARSHAl el

uh AlEe] A REste] AA 0w fofshe A oR FAE

%3 SDHT succinate®] AtstE  F£ZIA|7]aL (Scheffler 5,
1998), A% 43 diAtel #olsle Aoz el 9o, AW
B3l daoke] 7Zadtin BaE At (Pethick %, 2005). Kim
S (2009)2 sH-ollA H& A - 3719 SDH Tdds AR 2
I}, vl A T ol = ddds YEI S-S Bas)
2 AFME SDHY LAY 0¥ 0.6666°1 HIF 6
0.28200.% 2364 HAsto] Aot Hg WAL ole A
2 ekt o83k A3} Pethick 5 (2005)2] Adolw A}
ke el

38

e
o ©

ot

abed  means

B A3 A7E gk, ICER, NOV, HSPBI ¥ SDH
el Edo] BMSCZF At sk ot o oR 7
T Hashe Aog Yela, oE fHzbF AWdA, 4 4
thatel Bl 9SS BoFE AoR, A AuHEslel Aol
AL Aog AtgHh a#y AE AHWHEE mechanisme A

$77e) el Bedare AAEAAA
WA @ o5 AR sl tE A7)
AAon Samolor & Aow Arr

? o

2 Age Al 98 Fe T A4 BEgye 2

o= T o= -

A dAE Aol FUENSS ERIs L, Ak
indicator?]! PPARyS} FABP4 A= A3}t 093 H)wa}o]

6dol= 77} 3.11veh 31197t S7keRATh wgk APgTiabel
o] 9ltju F=¥i= ICER, NOV, HSPBI ¥ SDH 3zt
WEHEFS AR A}, ARt 52t ICER 7zl AlEA L
2 Z7kste] 692 0ol HIs 41209 £ Al F7HE Bl W
il
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