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This experiment was performed to study the effect of TSH (thyroid-stimulating hormone) on the expression of
endoplasmic reticulum (ER) chaperones in the rat thyrocytes FRTL-5 cells. Although the expressions of ER membrane
kinases (ATF6, IRE1 and PERK) were specially enhanced under absence of TSH, no remarkable up- or down regulations
of ER chaperones (BiP, CHOP and Calnexin) were detected by TSH. We firstly report here that TSH by dose
up-regulated expression of ER membrane kinases in FRTL-5 culture thyrocytes.
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TSH (thyroid-stimulating hormone)< | 31F3|21$ ¢
BN AZA A A, BHEE GHNATEEOR o B
2712 peptide AHEE =o] 9t TSH WEAA (TSH
releasing factor)oll oJ3l BH|7} EXHY AR
(thyroxine)<> negative feedback 7]17-% ¥H|E | 3c}.
TSHE| F83 752 4 Hol5 715249 Ax
13} 2 S #olsls Aot} (Terra et al, 2003), 28]
a1 @-AP/KJEEE_,] 31—)\4% Z35HA| ixl—g}mq }\jTT___jﬂ s
E# 2 (ER; endoplasmic reticulum stress)el]l 2]3+ hulz

-y Aot} (Kwon, 2000).

AZ7E AR et £2 fHH Aoz <l
5}04 ERHlol B]HFH QD £9 (folding)o]l Lojvhd Al
+ unfolding protein response (UPR)®|EhH= Y@ 2] A5
Zd%ﬂr’(éo] dojit A ARE (ER chaperone)] 2

go] F7}3t (Harding er al., 1999; Kaufiman et al., 2002;
Kopito et al., 2000; Mori, 2000; Ng et al., 2000; Oyadomari et
al., 2002; Ma and Hendershot, 2004). tHE A1 AL BiP
(immunoglobulin binding protein), GRP94 (ER resident-94 kDa

glucose-regulated protein), protein disulfide isomerase (PDI),
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2At}h (Kwon, 2000). Al A4 ghul
zlo] ERWE translocations Al 2Fshd 7} WA Bipo]
2%ste] dAQ4g BHIFEE /A HE exHen
£ ER chaperoneE0] A3ttt A8k A]7to] Xt
HEAQ =QlE R AW REhe-g HHESE A
aApTE] g o] THEo] 71Tt (Gething, 1999; High et
al., 2000). B]A42 02 folding® WAl 2l o] =7 A
E7}ER Th& Fote] Ao s EHNTE A (ER signa-
ling pathway)3ted AEe] A< chlld thalE-& <A
313 ER chaperoned] HALS Z%slo] ERUIS] = Adthi
AL AYHoz oA, I ¢35 % g} ER signaling
pathway®l] I3} 35572 ER Wbz (PERK, IRE1,
ATF6)°] 4= At} (Harding et al.,, 2002; Ng et al., 2000).

A E7} ER stressE §12™H ER lumenoll Al BiP2} Ag3}
I Y& IRE1°] monomerol| A 214F3LE dimer?} o], A
X7 9] XBP-1 mRNAS] splicing®] €oiu} XBP-1 (X-box
protein 1) ©¥}& o] AFE|O] chaperone] AE4S EH
S} (Yosida et al., 2001). ER stressl] 28141 monomer$!
sk ™ PERKVF QIAFSHE dimer7} EWHA] &AL
JARI elF2a7t Q15FsE Ho AlE Ao dd e
A8 s} (De Gracia et al, 2002). 22|\t ATF49] HY&
&=kt mhyl CHOP, GADD34 123l ERO1S] HAHA
LAZNE op7)gt} AA wHEe Al ATF6] ER
stressE oW A EF %o] o] "ol st ERSE

calnexin, ERp72, Erp29 5-¢]
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(ER stress element)$} 233} (Benjamin, 2006). A1 <7}
9]3.9] ER stressoll 93 FaS v g 7 A
et AE37) YeliA ER stressoll ofF T7HeF TR A
¢l IRE1S E8i4 AE& 2] XBP-1 mRNAZ} splicing®]
dojit= M-S o]-83 T} (Kwon et al., 2005). XBP-1
mRNA splicing®] LoluaA A== 23 nt T A)e
F2 Psil site7} EA5F7] Wl ER stressE o} 23 nt
7} A71® RT-PCR AHE2 Adast Psds AHEsto®
Aore]A] gdeth

B Aol A= Rate] AAIE (FRTL-5)E calf serum
5%Z ¥3+} Coon's modified media WellA 37°C, 5% ©]
AbalebAa 283 3 A 02 ufukslsitt (Normal cell
2 AR, AAE WX E 2~3Y HH o R wAE ek
31 15794 3 W A wjFsgich Al Al
Z7F 70~90% AL AXE FHAEF Hole A& AME
8913 TSHE X glstr] & 24A17F 53t TSHE X33
4FF9 32X (4 H; 5 pg/ml Transferrin, 1 pg/ml Insulin, 10
nM Hydrocortison, 10° M TSH)Z} serum®] §13= starvation
A 7FS 7}ATh Total RNAE RNA-Bee (TEL-TEST) A]9FS
500 pl Y3l 2~3% A & scrapper® FHO1Eol 1.5 ml
tubedll 2L 100 w1 chloroform& Z7}ste] F73] 4]
o] ThS 12,000 rpm, 4TollA 15% &<F LA E2 613
o} ¢k 500 ple] AT AE Helo] MEZ L tubeR H7]AL
E2F9] jsopropanol ¥ AolA 108 A= Ad &
12,000 pm 2 102 < A28 wbeol Bl
Aol pelletoll 75% ethanolS %7] RNA-Bee ¥ 5%
& 500 pl P 12,000 pmeE SE 5 YAES)
HFH o2 total RNAS ASITh DEPCYY A& S/
o o] UV spectrophotometer= JH3IiTh 1 th o
4808t RT-PCRS RNA (2 p)E 80°CollA] 347+ 713t
denaturation] 7] ¥ HIE iceoll B7HEvh 5X buffer 6 pl,
dNTP 4 pl, 1 pl9) oligo-dT (300 ng), 10,000 US] reverse
transcriptase$} RNase inhibitorE % 7}5FaL & 30 pl7} =
A F 42TolA 1A17F 3081 HHEAIAH cDNAE &

Az} wkgo] Eik 3 94TColA 223t REEAIA reverse

2

transcriptase S inactivationA| 7] TH& #F 100 pl= ZHETh

1 e BAE DNASE FE317] Y34 PCRE 3
39lth, PCR ¥H&o 20 ploll ATF6, IRE1, PERK, BiP,
calnexin, CHOP®] F primer®} R primerE 94C 30%, 57.5T
30%, 727C 40% 2 298] WHESl M7]gFo® RIS
t}. XBP-1 F primer, R primerE 94°C 13, 68C 13, 72T 1
Bo 2 343 vhEste] Ar|gEor 2183t ATE6 F

ATFE
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Fig. 1. TSH by dose regulates expression of several molecular
chaperones. (A) The expression of several molecular chaperones
was specially regulated by TSH dose. Actin was used as a control
expression. N, normal cell (treated by 4 H & serum); 0, without
TSH & Serum, X1, X2, X5, X10, (X1=1>x10" M). (B) Activation
of XBP-1 mRNA splicing by TSH doses. RT-PCR products of
XBP-1 were digested with PsfI restriction enzyme and shown on
the gel. A bar (upper right) indicates the undigested XBP-1 RT-
PCR products by Pstl.

5'-CAG CTG ATG GCT GTC CAG TA-3' R §-TGC ATC ATC
ACT GTG CTC AA-3", IRE1 F 5-CCG AGC CAT GAG GAA
TAA GA-3'R 5-TGG CTC GGT AGG TGT GAG A-3', PERK
F 5-CTG CTG CTT CTG TTC CTG CT-3' R 5-TGG AAG
AGG TCT CCA TCC AG-3', BiP F 5-TCT TTT GTC AGG
GGT CGT TC-3' R 5-ATC GAG TTC ACC GAG CAG AC-3,,
calexin F 5-GCA CTC CTC CAT CTC CAA AG-3' R 5-TGG
CCT CTT CAT CTG GAA TC-3', CHOP F 5-GCA GCT GAG
TCT CTG CCT TT-3' R 5-AGC TGT GCC ACT TTC CTC
TC-3', XBP-1 F 5-AAA CAG AGT AGC AGC TCA GAC
TGC-3' R 5-TCC TCC TGG GTA GAC CTC TGG GAG-3'.
TSH 50| w2 o8] chaperoncd] & HEE <l
3}9Jt}. FRTL-5 A2 starvation Aol TSH &% (X0,
X1, X2, X5, X10, X1=1x10" M)E 2 H &3} & RT-
PCR S 2% agarose geloll 47195 shoic) (Fig. 1A).
olu]ol] control® Normal cell 2|2l RNAS AFE3}5ITH
(NS.Z HA|, Fig. 1A). Chaperone @l HARIALZ 2}
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£-3}l+= CHOP, ER lumenol] &3} BiP, 18|31 ER ¥}
of &3} calnexine- TSHS| =0l 2|3t up & down-
regulation™] & ¥ 3= TR =Tl M, ER signal
pathway©ll ¥¢13}= ER membrane kinase (ATF6, IREL,
PERK)+= TSHE =& Fxol walA up-regulationd}i=
ol STt kbl WEHE REIS) WS A3
?3‘]-7] 25} IRE12] down regulatord] XBP-19] & &
6—}035} (Fig. 1B). TSH % X0& # 23t RT-PCR 4t
7H-$] 23 nt7} splicing=]©] PsA 21527} §lo]
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2] @& 1708 2 st o FskA E1EA
o} 3HtER #FA). A4 mediumS A2 dF RT-PCR 2t
B FHE97E Htslo] 2702 Wit o] WshA g9l
)lth o]+ TSHY %2 EXolAM+E ER stress”} IREI
— XBP-12 Hgdrhs 21E& ovgith
o] #& Ay TSH A7} ER stress®] gloz =z

8317 Hrde TSH &4 4] A £7F TSH
SIS A AN T o

2 AR 3] E s Ao W g
o] AJghAd ] Zlo] #olE= ER chaperone?] 73t ¥
a8hs Ao® A4 & qvk AR ZAE
Ae]efo A TSHE 7% ER chaperones Ho|H
RS EZm BHldhe Ao Bk
(Park et al., 2005).
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