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ABSTRACT

The current study was undertaken to determine the effect of retinoic acid (RA) on differentiation and
gene expression of pig preadipocytes. The preadipocytes were isolated from the backfat of the new-born
pigs. RA was treated to the cultured cells for 4 days and RNA was extracted from the cells. Isolated
RNA went through in situ hybridization using the 14,688-gene cDNA microarray chip. Degree of cell
differentiation was determined by measuring glycerol 3-phosphate dehydrogenase activity. RA decreased
differentiation of pig preadipocytes by 78%. Fourteen genes were significantly up-regulated by RA,
including genes known to be involved in lipid metabolism, particulary sphingomyelin phosphodiesterase,
apolipoprotein R precursor, growth factor receptor-bound protein 14, retinoic acid receptor RXR gamma.
However, the expression of vascular endothelial growth factor D precursor and growth hormone receptor
precursor genes playing a central role in cell growth, was greatly decreased. These results suggest that RA
inhibits differentiation of pig preadiocytes by regulation of gene expression of the growth factor or growth
hormone receptor.
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IREe A& oluA] HJo R Qs =
) oA 7} A HAakS AA triglyceride] &
B2 AgA el FAu =, ATAIE] =2}
W A7) S7rEREA S AEEA o] AT
AFAE S0 Tedshi= cytokine IGF-
1, EGF, B-FGF s°] glam &3}l #ols=
AL insulin, 4FEE2E, cAMP, glucocorticoid,
W 28 Sl don #3kE oAlsh=
EZA2% TNF, TGF 5°] Ath(Simons -5,
2005). Retinoic acid(RA)= 3T3-L1 cell] &3}
£ AIgE Aol o] Hare] oz IEY
t} (Stonex} Bernlohr, 1990; Xue -5, 1996). <]
oA+ Suryawan¥} Hu (1997)7} 20uM<e] RA7}
zhd S Aol A AFHTE A A 2 (stroma-
vascular cell)e] &35 AA|A71H, &3t 27
= Azl F2lo] A A7lel JgAAH =T}
AL w3t F7]el= A AGo] wm Pt 1
T} T3 Torii 5 (1996)2 retinole] <]
A A E 2] adipogenesisS o) AlEH I TRl B
3k3it Retinoide= Ul =&A|?1  retinoic
acid receptors(RAR)Sll Adste] fdx wdS
zA3tt 4E A I} (Neerven =, 2008).
RNAT F31A1e] ddd-S whdstnz
A o] Aol lo] microarrayE ©]-&-g
MRNAS] 22 2} dado] digh Al

N

¢

b
o
e

Belopoh 2 N o 2 & ot o > K

A Bkl FES FAAe] BEHE F
of #EE 4 9= FHel itk ol &
©o2 23] microarray 71> AEW AR
o] H3HAQ o BAle] g A
sl o3k A U SAAS A
st & el 7R 7 e A v

T B
&g =R o] 8H Utk 1
Al RAZE sA] A|A ] 3ol i
2F Lo mXE gl e Hale
Holt}, weha] E Ao = RAZF A
o] Falo] wAE HEgS WA F
microarrayS ©]-&3te] RAS &3k A1kA
AZEAA L= FHAE Bl ==
1A felet #EE FHaAE Felstaat
o}, 2 Ao Avps o= RAZE HIA| A
1529 '

it}

Xv
Oﬁoﬂrﬁrﬂﬁ
S8 > g Ho ol
El

%
rN
X4

o ME %
1. "X X[YH TPz E2] H e

AT 1299 ¥ AF 16-17kg A A=
= CO; gasE ol&sto] AL A7l & Hlt&E
2 A3 lodined} 70% oEFE-S o] &3] A%
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al3lth Seeding 19 Fol FBS7} §l& F-12
DMEMO.2 23] AlZ3sle] RBC 55 #A|1AS &
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ARATAELY] ASAEESY 23 A
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genase (GPDH)¢] 4 =& HAo=x 49
= Wise2} Green (1979)2] WS u}git)
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3-phosphate = H}H=d] #HoJsh= @olal,
glycerol-3-phosphate+= triglyceride 3Hd<] ¥=7}
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Fig. 1. Effect of RA on differentiation of
porcine preadipocytes isolated from
new-born pigs. Difference from DMSO-
treated cells (*, p<0.001).
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Alaze] Aadat Este] PeS Fr (Alessenko,
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Azt 2 Es7b AERA e, o]= sphin-
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7haezmn 79lE Aoz Azl Apolipo-
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el A 7o g A He] el Fholsh= vy
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Fig. 2. Micrographs showing differentiation of pig preadipocytes treated with RA or DMSO

(control). [A] RA, [B] DMSO.
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g. 3. Scatter plot of microarray test of
retinoic acid.

& Alzy A4 A
receptor (RAR)E &
|Ao AN ES A= TleS AL Q)
t}. = retinoic acidE ©] T8A=E AL F+
qgs & slow FAHETE CRABP-IIE= AlX
A gwAo|d retinoic acide} AL 3 3

Wy o]sS 3Tl Fatty acid-binding protein
(FABPs)&- ofl o] FA} 0] =9} retinoids 2> 4|
WS el Eda Adatel digh ubeheid
o]t} (Chmurzynska, 2006). A3} A3 Hio
T Afolo| A Aol HES golatAl T
w2 o]}, Adipocyte fatty acid binding protein
(AFABP)< Kkaritinocyte fatty acid binding protein
(KFABP)S] Ud& Z7FA1ZIT) (Hotamisligil -5,
1996). ©o] frxte] Aol A7 w]gko] WAy
He s = wl, o] dude] wyo] FrhEg
T A2 RS Fole How ZEEhal 9l

4 9tk = retinoic acid7} WY 9
Aek= 7ee ZEal vk A A7
Ft} (Shaughnessy &, 2000). High density
lipoprotein receptor (HDLR)-> #|2-& HDLZH-
H Az dddlss 98-S gtk HDLRE
Fe~HEY FUsHdEd sy BHES 24
S = olEA7lE AES ol olEd v
o] WolxW steroid hormone2] Aike- A3}
o=ZH HRES SAlEE Zle®
(Acton -&, 1996; Rigotti -5, 1996; Landschulz
5, 1996). Steroid 21-hydroxylase (P-450 (C21)B)
o AL A FAlFEdolsk A

A7 ~g R sER 34 3 oAl =

Table 1. Differentially increased genes by retinoic acid

Gene name Gene bank no Fold
Histidase NM_002108 158.46
Sphingomyelin phosphodiesterase 2 NM_003080 102.82
Apolipoprotein R precursor NM_213942 72.91
Growth factor receptor-bound protein 14 NM_004490 35.07
Retinoic acid receptor RXR gamma NM_001009598 28.96
Retinoic acid-binding protein 11 NM_001009598 8.12
Fatty acid-binding protein NM_001099931 7.65
Adipocyte fatty acid binding protein AF102872 6.11
Highdensitylipoproteinreceptor AF467889 591
Steroid 21-hydroxylase NM_214433 5.51
Peroxisomal acyl-coenzyme A oxidase NM_004035 5.33
Melanocortin-5 receptor NM_005913 5.2
Transcriptionfactor E2F-4 NM_001950 2.59
CREB-binding protein NM_001079846 2.52
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e &9 Z# 1S (pregnenolone) &2 9
A3S 7t EahA gtk wheba FA 9
A2 FHHERZ A Aok A 5E 8}
2 gom Ay Rol= FER HEO
sebARl B4, B, o] AbgE
) (NewS} Levine, 1984). o] Aol Z7}
Hlgkzde] 7123 fedo] s o= Azt
t}. Peroxisomal acyl-coenzyme A oxidase (PACOX)
AR BArsd Rl A A GAEA o
20 F7hE Ao AbstE EAdst A7l
o= B uf retinoic acid7} Ao wIE =
N7)i= Aoz AZHET) melanocortin-5 receptor
(MC5R)= Al =4, WY g #osing

5, 1998). Transcription factor E2F-4+
AE S AE APEES Zdss AE F7]
of s T gk AW AeAE Fa
5t 8hS &t} (Landsberg %, 2003). CREB-
binding protein> DNA &7+ &3}, MxEe A
 AlEAE, FEAA T 2 7]2AR1 A
Y715 7 EdWelAl Rubinstein-Taybi
syndrome, Rubinstein Taybi &3<to] Uehdth
CREBP (CAMP Response Element Binding protein)
= grellA A wskel A A%, & EHE
Z435 CREB= AW A2 318k PPAR-
gammadt= AR AARS A, 7]of A

g4 CREB+= PPAR-gammas 2}ehgo =4
A Zake]l AR gFan welE e s &)
), diolA A4l
AqUAIZ == As Fgrhar Biasoelgitt
(Herzig &, 2003).

H4g 73k, Aol

4. L3o| xstE A

ol

ARETA ] RAS A2 dE 49tz
Hjg] o] 2wl o A FHA= A
16770311 ool o] Sl FHA 1S

Aelaldet. E3] 44 (raticd 0.25) o]Ato =
o] 7" FHAXE UEshd Vascular

endothelial growth factor D precursor (VEGF D
precursor), growth hormone receptor precursor,
retinal short-chain dehydrogenase/reductase 5©]
At} (Table 2). oI5 7P T4® A& VEGF
D precursor= 17H) ©]/go] At}

Vascular endothelial growth factor D (VEGFD)
precursors WIAE A3 752 REY o]
Eoln, fFAREES F3 8= VEGFDY] A&
Ho|t} (Ferrara 5, 2004). Growth hormone
receptor (GH-R) precursor®] 7212} &&d o] i
B AgEA e oAl duxo A7ty
= At} (Vikman 5, 1991).

Table 2. Differentially decreased genes by retinoic acid

Gene Name Gene bank no Fold
Vascular endothelial growth factor D precursor NM_004469 0.01
Growth hormone receptor precursor NM_214254 0.08
Retinal short-chain dehydrogenase/reductase NM_004753 0.18
Nuclear receptor binding protein NM_013392 0.28
C/EBP-induced protein NM_030802 0.31
Prostaglandin G/H synthase 1 precursor P05979 0.32
Peroxisome proliferator activated receptor alpha NM_001044526 0.37
Catalase NM_214301 0.41
Transcription factor TFII-I NM_001518 0.45
Insulin-like growth factor-binding protein3 NM_001005156 0.46
5-lipoxygenase-activating protein M96555 0.47
CyclinD2 NM_214088 0.49
Carnitine palmitoyltransferase | NM_001007191 0.5
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Retinal short-chain dehydrogenase / reductase<~
nuclear receptor signaling pathwayol] 3 +%]o]
SJT} (Duester, 1996). Nuclear receptor binding
protein (NRBP)> A2 W 73 (ER)S} =4
o] AfoJell A FFol] WIS F= TEE AXE
oA 2 4] Rac3 (Rho-GTPase family member)<}
45 A-&-gt) (Chua 5, 2004). C/EBP-induced
protein = AWM} FA XS] FelE FEls)
= 985 $Hr}(Scott 5, 1992). Prostaglandin
G/H synthase 1 precursors= arachidonic acid&
thromboxane A2= AIZItAL A7 HHS =
n] Z2EH= FA otk (Funk %, 1991). Peroxi-
some proliferator activated receptor alpha (PPAR)
= o] A5t 322 88 AE, ¥
AL ooy x] A BEE fFAAE
23 transcription factor2 <E A 9o q,
g5, o Al FR7F A= A7 vE #AA
o o) WdH vE AETH Jes 7
t}. PPAR< ligandell <Jal] gdshd ¥ RXRY
heterodimers ©]F™ Ty ©AlOlA EAH
Z}e] promoter?] PPRE (PPAR response element)
o Ajtso 2 target genes2] HALE F7HA]
71tk PPARa= Albe] 8l zhgo] ghigk
AP I 2 R B S = S s oL R e Y
Hodts FHAE 2493 PPARa?] target
gene & A FYS FHskar FUE A
WAES acyl-CoA ester= A SIA|7|W A Al
2rel A FRAES 24dsta, Al
A 9k A3 (Mattern 5, 2007).

Catalase= A3l A7F B o] 3 Aka
ool wge Fulshs  fdolt
(Beckman ‘5, 1986). Transcription factor TFII-I
= 712 AAF Ao} QIAfolm FHEo] iy wf
o oJst TRI-IZF o8] 744 A2 ] Al
oair] A3 F uf, AeFo= .?T;qx} ul
g 2ARE FE4 WlE A4 G8E
(Roy &, 1991; Roy -5, 2001). Insulln-like
growth factor-binding protein 3 (IGFBP-3)2 Q&

QL
RU:

Y A QAA(IGF-19F 119 X—}ﬁc’ HkskaL
ZA3Ith IGFBP-32 IGF-12 Yd 49 AlE
o Rul:= Hol 9|4 IGF-12] gi} A

=
=
7141, @ AlEete] dshs 53 IGFI &5 A
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& 3t} (Jones 5, 1995, DeMellows} Baxter,
1988). 5-lipoxygenase-activating protein (FLAP)—
arachidonic acid Tt A}2] 5-lipoxygenase (5-LO)
pathway=S 713  leukotrieneS 423t} (Back
%, 2007). Cyclin D2+ cyclin-dependent kinases
(CDK)¢} &4 EHIAE o]FH (Ewen &,
1993; Higashi =, 1996), %% Eo] A} Ao
A (N=EZA 2AE, t==20 2Aly, 3t
J2de] 2lAlE 9} retionic acid receptor-a)9t A
2 Z-g3} (Coqueret, 2002; Lamb 5, 2003).
Carnitine palmitoyltransferase 1 (CPT1)+= VEZ
ZEo}l GAEAN FEZ=go}l 99 vty o
HEojdeh CPT1E 7h=Yd ¥ Adlste] 2
A A long chain fatty acids ¢ %< %43
t} o] EAE  malonyl CoAdl &Jair A sl
U} (Esser -5, 1993).
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