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Tributyltin Induces Adipogenesis and Apoptosis of Rat Thymic Epithelial Cells

Hyojin Lee, Ara Lee, Boram Ahn, Eunje Jeon, Yeji Jeong and Hyunwon YangT

Dept. of Bioenvironmental Technology, College of Natural Sciences,
Seoul Women's University, Seoul 139-774, Korea

ABSTRACT : Tributyltin (TBT) is one of endocrine disrupters which are known as having similar function to sex steroid
hormone inducing apoptosis in various tissues of rodents. Recently, it has been reported that TBT induces apoptosis in
thymus causing the decreased thymic function, but little is known about the mechanism. To elucidate the mechanism,
three-week-old SD female rats were orally administrated with TBT 1, 10, and 25 mg per body weight (kg) and sesame oil
as a control for 7 days. On day 8, the thymi were obtained and weighed, and then the number of thymocytes was counted.
We also performed H&E staining, TUNEL assay, and Annexin V flow cytometric analysis to examine the apoptosis rates
and the structure in the thymus. Next, we investigated the adipogenesis and apoptosis-related mRNA expression levels in
the thymi by real-time PCR. The thymic weight and the number of thymocytes were decreased by TBT in a dose-dependent
manner. As a result of the H&E staining, the boundary between cortical and medullary area was blurred in the thymi of
TBT treated rats compared to those of controls. In the results of TUNEL assay and Annexin V flow cytometric analysis,
apoptosis rates in the thymus were increased after TBT treatment. The expression levels of thymic epithelial cell marker
genes such as EVA, KGF, AIRE, and IL-7 were significantly decreased in the thymi of TBT treated rats, but PPAR 7,
aP2, PEPCK, and CD36 were significantly increased. The expression of TNF @ and TNFR1 as apoptosis-related genes also
was significantly increased after TBT treatment. The present study demonstrates that TBT can increase the expression of
adipogenesis and apoptosis-related genes leading to apoptosis in the thymus. These results suggest that the increased
adipogenesis of thymus by TBT exposure might induce apoptosis in the thymus resulting in a loss in thymic immune
function.
Key words : Adipogenesis, Apoptosis, Immunity, Thymic epithelial cell, Tributyltin
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7 2ol Zb2t TBT 1, 10, 25 ngkg/days 159 5<F A7 T3 &, 45 53k FA% AL 55 SHs9,
ylgtel AH O 2 H&E 94, TUNEL 42 43519 t). T3} real-time PCR WH O 2 AVAE EX] FHAE, AWAE
FE FAAED NZ2AAA FE FAAES ¥E ZA3IHeH, FAZ £4718 B3 AEZARAA AEE ZASHA
FA9 FAS} AE = d2F vty TBTY §57t =255 F981A #4483tk H&E |94 23, TBTY F%
7t SV EFE FAY A7 AAst FdF £ AV SE S #ESH T TUNEL 94 Ao A& o3
v TBTE FoI gk ol Al MEAAAF S7etd e,
FAEZ 2AAFAME TBT 55 &R A2AA
TEAAR: FUY, AN w7 TE2E 12684 Ageadgn  APF S7FHIT. Real-time PCR A, I £
2} )-8}t 8 Aguilzh%. (%) 139-774, () 02-970-5662, (T) 02-970- A2kl EVA, IL-7, AIRE, KGF= TBTY =7} 57}
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s WHFo] FofsA A vy, YA E fr=oF A F4449] PPAR7, aP2, PEPCK, CD36<> TBT| =7t
S7HEE WGl Felsl SbekATh Al ZAAALS A H 449 TNF o, TNFRIE TBT®] 7t S7Ha 5
ol frelstl SotetAth 19 AoE Tt = W, vl TBTE §41 oM 2ol A4z 244
stod APAMER L3 FEAHOEN FA419] 7Is= FEA UEUA T AEe] B §F= PIAs JoR Hlth
ole 3 A= AHH LR kFH = TBT/E §419] 715s Holmd o2 R 8 Asts 2412 + la= AL
AT

Tributyltin(TBT)= 4 223 A
= olg:]x] LHE—H]XPOHDX‘E 7_]}0 =

Zo, A5Al, AdA 5o TREol A
Ao A de] AHE5 2 9 thShawky & Emons, 1998). 1
vt TBT shet=oll o AejA gk d7fo] 1980 =
A5 B E o] 2 TBTZ s YEA 2 dio] HIHYA,
E3 TBI7H ER R0 =58 29 ol sh vh A2 414
71 A o718 e Ao dHA Utk(Blaber,
1970). # AF-olA AF17F BT 2 2+ 44 34
A of o]Ayo] A7|WHA AR} 7} THAaste ASE H s
3 312 H(Chen et al., 2008), =3t Leydig A1 Ul 2HZ
olt 4 EAe IS AAAII L MEAAAL frE T

49 BHS FANIE A0R BTET ATKKim et al,

2008). & AFAAAE TBT7F 315 A4 W 7HEA x4
WA E 9t AEAAAE STHIROERN A4 750

AstE = ALZ BV THSong et al., 2010).

olg gt TBTY| 18 A4 7|58 ofet | 7%
o J¢FS nHe= Aoz 4HA th(Smialowicz et al.,
1989). $FE o] &3 AFelA W7ol thsk TBTS =
e FANES AEAAANE B3 FEEE Aol T
THZucker et al.,, 1994). =, 78 TBT+ FAA X A2
AAAE SN, ol 2 Qlete] Fd i T Al xS st
S AN CEAR T4 7]50] AstEe 2oE B
232 JTH(Grundler et al., 2001; Raffray & Cohen, 1993;
Snoeij et al., 1988).

FAS T ALY wesh Jgo] ol 790, 34
29E S0 2L /AT FA W AIAEY £
0.2 R8P} Qojuke Rolth FA W AIAZE FA vl
2% TS N AIAEYG ABE PANE £ 4
SALE TR 5 Qow, of F AL Pl

AEE N7 AoIEEA AwAzEe Agel A4
L F97] olFol tRE AslH T AN TR A
M Mg F43] AsHEth(Taub & Longo, 2005). ©]

FA "3t 712 obd g3 v A A 4 e
) 3“4% Aol mEW sl whE FA H3F AHNA F
FBAE W PPARy R S7tehe A0 R Hig

ME]-(Yang et al., 2009). =3t PPAR y 2|7FE AR Q)
rosiglitazones F1 7% FAlo] §43] AWz oz A
SN FA 7150l A E A, ol st W o] Ast
HE ALE BYsY JthYoum et al., 2010).

PPAR 7 = & &4 @22l retinoid X receptor(RXR)
9} Bolxg = 63/\‘] O}@H DNA”‘S’/] E;H oo Adtsle] &
A FAAE WA= ZEAZA, 53] AWAHE 23 &
7o) AAtel Fofdh= Ao AH A 3rkBerger & Moller,
2002; Michalik et al., 2006). 57| EA%E TBT7F o
PPAR 7 chul A o) p:LH_@}E B E A X]HPH]J_E-/] 23l
£ SN, ok AE W AR H4S feste A
o2 B3I 9)ti(Kirchner et al., 2010; Le Maire et al.,
2009). AWAEZ A xFE o]&3t AFAME TBT= PPAR
v 2AEE T AHASE AYAE 1‘%5}% ’%‘78/\121
3! (Kanayama et al., 2005; Li et al., 2011), 3
FoAY AN T3t o F9l A = :2: Bagl
TH(Griin et al., 2006).

ojfel Hi¥ AAXES T3 & u, TBT o3 ©Y
7159 Aet 9s TBT7F F41 oAl el #-&atef A0
AEES] AgS FE3L, o] E Qldte] F417]50] HolA
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of B dorE HF ] TBTE Fo3 & §49 +2&
ZASIL, obze] FAloM AAE = A Ak Al
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FAAAL #E FAAe BES AR EA TBT =Z
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AERSL vpo] S T ot A F ik 3% ¥ Sprague-
DawleyZl &7 AF & Mg Ah St 5= ARG A 2
SN F OF 7 erted F 4/ APFOE o] A
& F3sHth. TBT(Tributyltin acetate; Sigma, USA)E
sesame oil(Sigma, USA)ell Zo] AR89 oM, FoH o2

1 mg(1 mg/kg), 10 mg(10 mg/kg), 25 mg(25 mgke) FTE=Z 7Y
7F 7T Fodsith 2T 0 2 sesame oiltHE 797 7
oJ519ith. TBT 59 & 8o A2 A8 ¢, 3%
g JAAIA F4E D] FAE L T AE
519t A4 A A 4x(gonad somatic index)= 41

TO 2 U #oll 1002 #3te AH=Eskdth
S ARt FEAT FE93Y AIE AA F
gS wol ALgStglon, BE AR TEAE S

e E A% Al uht ek

2. Hematoxylin-Eosin &4

Y59 F42 4% paraformaldehyde solutionol A 155
¢ ARG FA 2EFE SAE 70%, 80%, 90%,
100% ethanol £ A2 30&7F 2]t & xylene
oA 458 < ¥ FHs FAHS AXIL, paraffind
xylenes 112 412 & 2417 5t A st o]+
100% paraffin S04 2A]17F 2t 2nfjst & sjgtdd &
& WEdh F4 B 52 EAWI|(RM2235,
Leica, Germany)E ©|-&3td 77 8 ] A&H PSR

HEA T

AW 25 ZARY] $ste] 41 492 hematoxylin-
eosin® 2 P WA F4 AHE xyleneol| 387+ ¥
AT} 100%, 95%, 80% ethanold] A& 324 =)
ZetAth TRTE SEZF AAH
30%7F "7 gAstath B2
eosin® 2 30327F A th A H 24 95% 100%
ethanolol] 5E7F A3 & x leneoﬂ E7F 2ol Rt B
YA Z G AAS BYst F FeAn A spol A st

Atk

N

St & hematoxylinl] 1%

B2 527 A3 g

.

Adipogenesis in Thymus by Tributyltin 375

3. Real-time PCRS 0|88t |EAL & 2M
Y53 FAol Tri regent(RNA isoplus, TaKaRa, Japan)
300 wE H7betal ZAEN7IE ol&ate] ek &
A 2A 2 F2oA 5E2F WAL dAdEE (14,000
rpm, 4C, 203%) 35 A& A AP Hl &Ah Chloroform
(Sigma, USA) 60 plE #7Fsked 1527 4 vy 220
A 1087 A § 445285 th(14,000 rpm, 4T, 15
). A5 A Alg el &71 5 isopropanol(Sigma, USA)
150 plE A7Fe v Y4l 8k TH(14,000 rpm, 4T, 10
). A5 dlS A AL 75% ethanol(Sigma, USA) 1 mlZ
J7kek & A 2] 5H3 (14,000 rpm, 4C, 53). A3 el
A= 75% ethanol& A| 73}3L DEPC(TaKaRa, Japan)
o 20 whE FoIE HHE F 187 412 & ¥F Bas
T FZ3 total RNA®] 42 Nano-drop(Thermo Fisher
Scientific Inc., USA)S ©]&3ted S43A 7t 2408
HE 1% RNAE ]34 reverse transcription PCR %
WO cDNAE HAS the, F4H cDNAE template DNA
2 3t 7} 54 primer® SYBR Green I (Roche, Switzerland)
< Y22 Light Cycler 480(Roche, Switzerland) .2 574
A W FE T dEFAAEE 18s F47
ARG, 18sE 7o E T FAe A Al v
< At 44 514 primer A€ thed 2tk
18s Forward(F) 5'-GTCTSTGATGCCCTTAGATG-3'"; Re-
verse(R) 5'-AGCTTATGACCCGCACTTAC;
EVA F 5'-GGCTGGCTTTCCCTGATGTAT-3"; R 5'-TTAA
CCGAACATCTGTCCCGT-3';
AIRE F 5'-GGTTCTGTTGGACTCTGCCCTG-3"; R 5'-
TGTGCCACGACGGAGGTGAG-3';
IL-7 F 5'-GGGAGTGATTATGGGTGGTGAG-3"; R 5'-
TGCGGGAGGTGGGTGTAG-3";
KGF F 5-TTGACAAACGAGGCAAAGTG-3'; R 5'-
CCCTTTGATTGCCACAATTC-3';
PPAR 7y F 5-ACAAGACTACCCTTTACTGAAATTA
CCAT-3"; R 5-TGCGAGTGGTCTTCCATCAC-3";
aP2 F 5-GCGTGGAATTCGATGAAATCA-3"; R 5'-
CCCGCCATCTAGGGTTATGA-3';
CD36 F 5-CCTGCAAATGTCAGAGGAAA-3'; R 5'-G
CGACATGATTAATGGCACA-3';
PEPCK F 5'-AACTGTTGGCTGGCTCTC-3"; R 5-GA
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ACCTGGCGTTGAATGC-3';

TNF a F 5-AGGGTCTGGGCCATAGAACT-3'; R 5'-CC
ACCACGCTCTTCTGTCTAC-3';

TNFRI F 5'-ATGGATGTATCCCCATCAGC-3'; R 5-A
ATGGGGGAGTGAGAGGC-3Y

4. TUNEL B

TBT 7o § FA W AZAAE <18t7] st ter-
minaldeoxynucleotidyl-transferase (TdT)-mediated dUTP-
digoxigeninnick end-labeling(TUNEL) WS ARS8} th
T4 HHL xylened} ethanols AHE-sle] metal-g #| A
% PBSE AlFasith. 4 A# ¢lo]l TUNEL reaction
mixture(/n Situ Cell Death Detection Kit, Roche, Switzer-
land)S 30 @0 Dolmgy 37ColA A7+ wH-SAZ T
DAPIE 22} G4 A3y SHTE 20 AXTE 5 &
JAZ B3t & FFHn] 7 (Axioskop2+, Carl Zeiss, Ger-
many) Stoll A Al ZAAATE dofd Al ZE sG]

=
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5 FMZ ZA

wA F4 W T AEE 4 24S yellow mesh $9l 4]
Zrobx g 5ai3ith 853 T A2+ RPMI+5% FBS £
O A H3 T trypan blue(Sigma, USA)E G481y, &
TAE AFESES T Al E9 A&7 A Al53t3d
T AEZ $7} 1x10717} I %= 238t 1X binding buffer
500 ol AnnexinV (Annexin V-FITC Apoptosis Detection
Kit, Sigma, USA) 5 #0$} Propidium lodide(PI) 10 plZ

9 0e, 108 U F2AN HFE F HAL 247

D aR=
3z =
3 =

A. B.
11014 Sesame oil 500
100 —==TBT 1mgl/kg —
c TBT 10mglkg 2 400
T g0 |~ TBT 25mglkg =
b =
2 5 300 *
g 80 z
=) ° 200 .
S 70 =
[i7] =
80 £ 100
50 + 0
1 2 3 4 5 6 1 8 Sesameoil  imghkg  10mgkg  25mgikg
Days after TBT treatment TBT treatment
Fig. 1
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Thymic somatic index

ERERE

(CYTOMICS FC500, Beckman Coulter, USA)E ©]4-3}4
w48k

6. SAH &M

Zh A Fertele] dHE AFEElioH, TS BE
Az B A PAERF AR FASAT. A%
A 94 A4 student rtestS} one-way ANOVA, Tukey
test WS AHESIACH, T3 AFFES HlaLste pik
°] 0.058 % &2 A5 Fostrtal Hgst

at

1. TBT £0{ & 84 A T M= 9 Z2
TBT Folo] W AFo Hets dolrr] 98 797+ A
S St A3, TBT 25 ng/kgs FoAst @A A%
A B o) sesame oil e Fo 3 X
A e gk Apol= HolA] tth(Fig. 1A). 3
FA oA JaFE vIAEA GotR 7] 9]
UM FAH FAE 54 A, §
g FALFE FosA a
)33 (Fig. 1B), Aol wE Fae]
somatic index 3 7% 9 TBTE Fo
723 th(Fig. 1C). §4014 58 T A E &
o Hd] TBTE FoIdt FolA Tk 9402
23k thFig. 1D).
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Sesame ol Sesameoil  imgikg 10mglkg  25mgikg

TBT treatment

1mg/kg
TBT treatment

10mglkg  25mglkg

. The body and thymic weights and the number of thymocytes after TBT treatment. Three week-old female rats were orally

administrated with TBT 1, 10, and 25 mg/kg or sesame oil for 7 days daily. (A) The body weight was decreased in 25 mg/kg
TBT treated rats, but showing no significant difference compared to sesame oil treated controls. (B) The thymic weights were
significantly decreased in 10 and 25 mg/kg TBT treated rats compared to control rats. (C) The thymic somatic index were also
significantly decreased in 10 and 25 mg/kg TBT treated rats. (D) The number of thymocytes was significantly decreased in
25 mg/kg TBT treated rats. Data are represented as meantSEM. * p<0.05 compared to sesame oil as a control.
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bdas

Sesame oil 1mglkg 10mg/kg 25mglkg

TBT treatment

Fig. 2. The thymic gross morphology and the structure of inner
thymus after TBT treatment. Three week-old female rats
were orally administrated with TBT 1, 10, and 25 mg/kg
or sesame oil for 7 days daily. (A) The size of thymus
was decreased in TBT treated rats in a dose-dependant
manner. (B) The thymic sections were stained with hema-
toxylin and eosin. The thymus of sesame oil treated rat
showed clear boundary between medulla and cortex area,
but the thymus of 25 mg/kg TBT treated rat showed
most vague boundary between medulla and cortex area.
(a) Sesame oil, (b) TBT 1 mg/kg, (c) TBT 10 mg/kg (d)
TBT 25 mg/kg. Original magnification, x100.

94 $49) 271 TBT 5ol 5 843 ok 22
BT 5 Y9ATHFig 24). 1A FA F71¢) Wsbh FA
W FEAE ol WEE FINREAS FAs] st
FAURE BFAAL. FA W T2 WSE Sopu] 9
sto] HE 943 Ak, 220 ¥]s) TBTE %ol ol

A 33 7189 A FR5A 9 Emeid 988

_7(_6;'_

#2ek 5= 9191 thFig. 2B). 531, TBT 25 mgkes FoI3 &

A S RelE sz Apelell & gzke] BewA
A BEE 5 AU Fig 2B,d).
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Fig. 3. The apoptosis detection in thymus after TBT admini-
stration. Three week-old female rats were orally admi-
nistrated with TBT 1, 10, and 25 mg/kg or sesame oil
for 7 days daily. Apoptotic cells were detected by TUNEL
assay kit using the paraffin sections of the TBT treated
thymi. The number of apoptotic cells was dramatically
increased in the thymus treated with 25 mg/kg of TBT.
(a) Sesame oil, (b) TBT 1 mg/kg, (c) TBT 10 mg/kg (d)
TBT 25 mg/kg. Original magnification, x100.
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Annexin V Annexin V Annexin V Annexin V

Fig. 4. Flow cytometric analysis of apoptotic cells in rat thymus after TBT treatment. Three week-old female rats were orally
administrated with TBT 1, 10, and 25 mg/kg or sesame oil for 7 days daily. Total thymocytes were prepared from thymus.
(A) Apoptotic cells were stained using Annexin V labeling kit followed by analyzed by flow cytometry. (B) The percentage
of apoptotic cells was significantly increased in the thymus treated with 25 mg/kg of TBT. Data are represented as mean+SEM.
*p<0.05 compared to sesame oil as a control.
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TBT treatment TBT treatment TBT treatment TBT treatment
Fig. 5. The expression levels of epithelial cell marker genes in the rat thymus after TBT treatment. Three week-old female rats were

orally administrated with TBT 1, 10, and 25 mg/kg or sesame oil for 7 days daily. Total RNAs were prepared from thymi after
TBT treatment and mRNA expression levels were analyzed by real-time PCR. The expression levels were normalized to 18s
mRNA. Data are represented as meantSEM. * p<0.05 compared to sesame oil as a control.
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Fig. 6. The expression levels of adipogenesis-related genes in the rat thymus after TBT exposure. Three week-old female rats were

orally administrated with TBT 1, 10, and 25 mg/kg or sesame oil for 7 days daily. Total RNAs were prepared from thymi
after TBT treatment and mRNA expression levels were analyzed by real-time PCR. The expression levels were normalized
to 18s mRNA. Data are represented as meantSEM. * p<0.05 compared to sesame oil as a control.

aP2¢] mRNA 2do] TBT ¥k SEH 02 Foa 57} PCR W o2 8918 A3} Al £AAA #3 F4729 TNF
SFATHFig. 6). TBT Foiot FA4 W AlZAAAete] a4 @ 9} TNFR19] mRNA Z&0] TBTE Fojgh #oM 9
& Yot 7] 8] AZAAAL #E A% LHL real-time A Z7reke AL FA8 4 YYUTHFig. 7).
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Fig. 7. The expression levels of apoptosis-related genes in the
rat thymus after TBT exposure. Three week-old female
rats were orally administrated with TBT 1, 10, and 25
mg/kg or sesame oil for 7 days daily. Total RNAs were
prepared from thymi after TBT treatment and mRNA
expression levels were analyzed by real-time PCR. The
expression levels were normalized to 18s mRNA. Data
are represented as mean+SEM. * p<0.05 compared to
sesame oil as a control.

FA2 44 WEHudEZR] TBTE 4 75s
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nEH, TBTE 47135 23He thekdt 7] #elA PPAR
y o BZER AHsHA X]‘ﬂ"‘ﬂ?— T3E sk, o=
Qlsted 7+ 71e] 750l fhshe AR By vt
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A FA 715E AT Aelgty 7ty AF FAE
4= TBT 7o ¥ F41 ol AAE #37F dojut
A, olol wWE FAle 7ol Hhs=AE A
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