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ABSTRACT

This study is to investigate the effects of testosterone on adipogenesis and its molecular mechanism using RT-PCR
analysis and transient transfection assays. Castrated(CAST) mice treated with testosterone had lower white adipose
tissue weights and expression of adipocyte-specific genes(PPARy and aP2) than CAST control mice. Consistent with
the in vivo data, testosterone treatment inhibited triglyceride accumulation and expression of adipocyte-specific
genes(PPARY and aP2) in differentiated 3T3-L1 cells compared with control group. Testosterone-activated androgen
receptor(AR) repressed the luciferase reporter gene activity induced by PPARYy transfection. Thus, these results
suggest that testosterone downregulates the actions of PPARY on adipogenesis through AR.
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o] st FHREL peroxisome proliferators-activated
receptor y(PPARY) ZALZ A Qlx}of oJ3) A FTH1].

PPARY+:= 9-cis rerinoic acid receptor} heterodimer
2 o2 ¥ AWuixtel TEE kel adipocyte
fatty acid binding protein(aP2)<} lipotrotein lipase 52
AW Z-E o] & &HA52] promoters/enhancerso]]
ZA5l+= peroxisome proliferator response elements
(PPREs)e] Agtslo] PPARY-3E24-7210] WS =
Age2].
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wE AHA 857 wildtype 3 vpeA
(C57BL/6J)S 7% E<t a7 AMElo]A 12h light/
darkness cycle 71 3lol|A] Tx|HF2] o] ALEH o](High
fat diet: 45% kcal fat, Reseatch Diets, New Brunswick,
NU)o} £-& F-3] S AH3tsich

FAT-AE TR 2715 (n=8/group) 5, 4
DAl vk IF(CAST) I adAles & A9
7|17 apR|uk 22 Eot testosterone(5 mg/pellet, 60-day
release)o] w3l rl oz x| A TE(CAST
+T) o2 BRIk BE A 2 0jeaE o))
427k Aol AR E AAT A e 7 =4
3 ARgst w7hA] - 80°C oA Hslgich

22 XU ERO| 23}

Mouse 3T3-L1 A3z+= 6well platesof| 4] bovine calf
serum(Invitrogen, Carlsbad, CA, USA)©] 3£3}E]l DMEM
v A2 sjofElgich 24 & 10% fetal bovine serum
(FBS)©] 33+l DMEMUu|Z]o]l 0.5 mmol/L 1-methyl-
3-isobutyl-xanthin, 1 pmol/L dexamethasone %! 1 1
g/mL insulino] Z3}+El 2| HbA|Z B et X 2 w4 5ked(d
0) 29 <t APA|ERIE fat F(d 2), 29 v}
10% FBS7} 38 DMEME|A| & wA|6to] 69 St
BiFEATHd 6). HF 621 AI] Al e] total RNAS 5
=319 2L Oil-red-O G Aol o =2 & A5} ¢ T}, Vehicle
o]} testosterone-> A A ZESHN A S H71E 2 &

N R

23 YN FHo| 24

AN EZE PBSZ A|2)5}al 10% formaldehyde= 1A]7F
ol 1AA7] T PBSE A Z3}FT 4% Oil-red-O G
oo & 2A17}F Eob AMBTh A|EZE PBSE A2t

[<)
FFAAY %2 Y= Yoran| g oz BAshr.

2.4, Target genes & &AM

Total RNA+ Trizol(Invitrogen, Avenue Carlsbad,
USA)e ARgstol &stion], JHA-Sdas
2| ¥1-3{(RT-PCR: reverse transcription-polymerase chain
reaction,) & o|-§-3ko] o] % mRNAS) whel oFg =7
3ttt & 1-& primer sequences?} PCR conditionso]

o},

H 1. Primer sequences?t PCR x=71
Table. 1 Sequences of oligonucleotide primers and PCR
conditions

AT

Size Primer sequences (0 ©

Genes (bp)

F:5 " -attctggcccaccaacttcgg-3
PPARy | 340 , , | 58| 28
R:5 ° -tggaagcctgatgctttatcecca-3

F:5 ’ -caaaatgtgtgatgcctttgtg-3
aP2 | 417 , gidigeig gg, 58 | 24
R:5 * -ctcttectttggctcatgee-3

. F:5 ~ -tggaatcctgtggcatccatgaaa-3
B-actin | 350 , , | 58|28
R:5 ° -taaaacgcagctcagtaacagtcc-3

AT : Annealing temperature, C : Cycle
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2E transfection®] 79~ well T Z+zZ} 200ng<]
plasmid”} AR&-=] 131 lipofectamine(Life technologies,
Rockville, MD)-& A}g-5}o] transfections}$ich W3- 6
AlZE 3 ALASE wlix] 1mlE Z718kal vehicle =
testosterone-2&- 2] 2|53t} A 2] 24A17F 3 v 2] & A|A

33 wjoFst AZE2 43slgtt. Luciferases) B-
galactosidase 24> w3l Ql= PromegaAt

(Promega, Madison, WI, USA) 9] kitE ARE-3lo] =4
gt

2.6, EAHHY

TE ZF2 mean + standard deviation(SD) 2.2 A
3l th A A2 unpaired student's t-test@} Tukey’s
multiple-comparison testo]] ©]%t one-way ANOVAZE
AT 252 p<0.052 A5

=1}
(p<0.05), z+ #
epididymal, mesenteric, 2 retroperitoneal X|®}z3%] 9]
A= 242 21.7%, 25.9%, 23.3% 2 16.9% & A5
21tH(p<0.05).

H % uu/\nx]mzﬁ —f-, inguinal,

H 2. BHMXHIX XIS 0 CHSt testosterone| ESF
Table. 2 Effect of testosterone on white adipose tissue
mass

Adipose tissue (AT) CAST (g) CAST+T (g)
White AT 8.49+0.07 6.72+0.28*
Inguinal AT 2.25+0.01 1.77+0.19*
Epididymal AT 2.81+0.06 2.08+0.00*
Mesenteric AT 0.69+0.04 0.53+0.06*
Retroperitoneal AT 0.67+0.02 0.56+0.02*

* p<0.05 significantly different from vehicle-treated CAST mice.

ul A 2 8l R o] BAlo| i3l testosterone o] ako]
ul A 2] Hk 2 K o 4] 9] PPARy ST} H2lo] QL&

% AYal7] $13), PPARyS} #]uMA ol So] o 2 gl
5= PPARY©] EA0A%0l aP29] MRNA =28 %
AFSHFATHLE 1). CAST up-2of v|sf] CAST+T -
AL PPARYS} aP2¢] mRNA Z=%o] z+zb 18.1%9}
20.9% & 7+ 5] 2l th(p<0.05).

— i ST
COCAET+T
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06

B-actin

CAST CAST+T

Target genefp-actin mRNA (R.D.U.)

PPARyY ap2

a3 1. 231 CAST OIRAQ| HHMX|HIEXIN|A testosterone
ol 2lst PPARy 2t aP2 RTX} &3] =H

Fig. 1 Modulation of PPARy and aP2 gene expression by
testosterone in white adipose tissue of male CAST mice
*p<0.05 significantly different from vehicle-treated CAST
mice. T: testosterone

Testosteroneo| A XA L& 35 AR 2 - =A&
ZALet7] 9138), Oil-red-O G- o] §35to] 6Y &
S A A 22 B3FAIX] 3T3-LL Al 2ol A S/ A%
(triglyceride)©] =AA=E ZSASIATHTEH 2).
Testosteroneo] & 2]= A3+ vehicleo] A 2]= A|3E9|
H| 3l /g x3e] 2 o] dA|8] TAE] St

235= 3T3-L1 M|ZOf|A testosteroneo] 2
Xl == x|

Fig. 2 Inhibition of triglyceride accumulation by testosterone
in differentiated 3T3-L1 cells

*Magnification is 10x. T: 1 mol/L testosterone.

ag 2.
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Relative Luciferase Activity (x10°)

PPARy aP2
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Fig. 3 Modulation of PPARy and aP2 gene expression
by testosterone in differentiated 3T3-L1 cells

*p<0.05 significantly different from vehicle-treated control
group. T: 1 x myL testosterone

PPARYS} PPARyS 9]&21¢] A|MhA]| - 5ol 4] §.31
Zpo] WbEof o3t testosterone ] AT HE 0|5}
A3 A A EEHE] v7tUEe] HHEE 47] $f8,
3T3-L1 A|HFPASLA|2ZS PPARy, AR 9 |uciferase
reporter gene(PPRE;-tk-luc) 0.2 U A9l &A%t 3}
ATH1Y 49} 13 5). PPARYS TaHalA|zl Az
controlo]| || 3} luciferase reporter gene 2] W& o] & ]3]
Z7}1= 2t (p<0.05) (L& 4, lane 2 vs lame 1). 184
testosterone 2]+ PPARy FRAAE 0| 93] =H
luciferase reporter gene®] A2 7FAA]F tH(p<0.05)
(19 4, lane 4 vs lame 2).

-~

Relative luciferase activity tx105}

PPARy - + + +
AR & - -
Ty - - 01 1
8 4. PPARy ZXi| 5l0|A testosteronedi 2|5t PPARy

reporter gene w39 x|

Fig. 4 Inhibition of PPARy reporter gene expression by
testosterone in the present of PPARy

#p<0.05 significantly different from lane 1. *p<0.05 significantly
different from lane 2. T: testosterone

ME 0|2t testosteroned]| 2|st PPAR 7 -Q|EX| X|dhM| ZAA ZHof| 2t5H o1

-

[¢] vl
3lo| 2J3 5= luciferase reporter gene2] 2412 <
AA A THp<0.05) (2 5, lane 3 vs lame 2). E3F AR
of 2J3t PPARy reporter gene A1) AARES
testosterone A 2fofl o3 H&H avtroz A=
CH2¥ 5, lane 4 and 5 vs lane 3).

12l 5. PPARy 2t AR Zx{ 5lolA testosteroneof 2|5t
PPARy reporter gene 24519 x|

Fig. 5 Inhibition of PPARy reporter gene expression by
testosterone in the present of PPARy and AR

# p<0.05 significantly different from lane 1. * p<0.05
significantly different from lane 2. ** p<0.05 significantly
different from lane 3. T: testosterone
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A 3 (pluripotent precursor cell)7} ZE-A| 2 B35 =
A FASHAARE, AA| R 23k = A2 o Alst
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485



A testosteroneO] A HFA 3EA
A=A S HAFT
ot

In vivo A3 3} in vitro A3 X 5o A4] testosterone-2
PPARy 2} PPARY-2JE 4] Q1 A|HhA|| 32-50] 2] {4 4}9
S AAH ) o]Hdt A2 )= testosteroneo]
PPARy 285 ARt =x] AHbA| A4S o AIgt

= A& AlARSEAL Sl

Androgens(testosterone™} DHT) 2] 282 androgen
receptor(AR)9He] Z¢HS 53| 2UHCHE]. & AT
= UAHe FAAS BAS Sa ARS T A
Z1 3T3-L1 R|HFA LA 3E0] 4] testosteroneo] PPARy
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