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~BRES GRS
Y4nsn7 Ly (Tg) MEFOMIEREERTFRE RS £18 5 B
{31 D R

HREER FERIR

PEFERE  hE- REL DL - REEREER
BABEME  ETERERRA N RREE 2 —
EREEE =8 RS-

AFFRESE  HAE—. ATHET

BE

Y0507 (Tg) L 660kDa DEXRLZS /P BETHY. BRIBFLEVEHROEE S L
THEETZEI TR, PRBEECEDLIBEFEREESLALTHET 28 A5EE
BHAFELTHARAT S LAMLN. 5y BRI (FRTL-5) (ZH LN TikERIEREAE
EFRLTWACEMNBEShTEELE, LML, ZOSFRFICEBLTEFEFRLERNOEFET
b, FRRTIET v FPREI FRIL-S MIEALT Te OMIERS THIFICo L TRE
1o, Y4207 LARITT. Tg A MAPK 238124 3:&ET MEK & ERK O RBEEHE S
+, 2B MAPK/ERK #285(=A95 3 % Raf, MEK 1/2 £ ERKI/2 5 ED R Vo ORBE Tg 2L Ui
m#FETR L., ZTOHBREREAT PDIB05I (MEK 1/2 & ERK1/2 OiMEIFD) i= & YiMEI 2 i-.c-mye, c—Tos,
and c-jun 72 £ O ERK FROBESETF 6 Tg =& UEMIL SN, CDKs & Ro Y EEd TgIo &
YBEEhT,

CHDDRERM L. Te A MAPK RO ERK 2/ L TRRISMIMBEZHET 2 S L E#HL I
Liz. LRI Akt BEOBSOHEEMI. RAORREFRBEBRTRA LR YL, IES
FUBRKIRRBANLE (TSH) EFAET, T VFESh 2MEEHEIT, EHOLTHLE
BENRT— Rk > THEAIWTWE D EERBLE,

Key Words 05O 2ys (Te) . FRIL-5 #. @RISR, o5+ ILEEH R r— K.
#E

Y0507 )y Tk, BRAICERET S, I— FE#REOBETHY ., BRBERLEY
BHORETCHIERVLHEEZAOATE-, LAL.EFERARNIZERLETe OREIZE- T,
B IAEE B S A MEETFRECHAEEAT A F I v VICAGFSh S 2 EAHEL MK

27,
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FARIRER OISR & BREIX TSH, 4 VR Y/ 1GF-1 S5 F Y LTIz k> TREShTWS &
EZONTWM=, —H, B4k, 5y FERIR FRTL-5 MR T, TSH, 4 VR Y EmEHFE
ET. ERED TCAPIK/AK BBZEZN L THRBEZHET 52 & ESRED 16 A MRS
EMHT B L EMEL ., Teld THS & 4k PISK/Akt BB E A L CHIRBEE5HET 5 - & 69
HMIZLTz, LML, Tg & TSH ORFRBREIRTORG > -#EEd S MRIEREICH L TE R4 -
HERBEREET AN H D EEX oD, KPR, Telo& YHERT 5 PISK/AKt JEik
AHREEREERET 5o s #AME L,

B & B

1), Tg4LIB & ALTR LA LN FRTL-5 #8840 S RNA 24580, DNA =4 2 07 LA 12k Y Tg IR
=B ETFOEBERN L1,

2), Tg MIMEIIEB LA £ U TSH ZLE, MAPK/ERK JHEE#1 (PDOB050) ALIE FRTL-5 fHKSEEMD
MAPK/ERK $23%1= B B BIETFOEBES T AF Y TO v T 4 L5 CHEL, Brdl 12 & Y KIFLsS
WHEE SRR L T,

3). Tg MEL TSH ME FRTL-5 I OMIEARIZE b 2ESETO tRMA &4 2o OTH#
RT-PCR £ T A% L TOwTF 4 w51 & YFHEL .

WE .

1) FRTL-5 #l@T TSH, 4 LR Y 2, MEFFFET Te FEIZH CBET

DNA A 07 LA DERHFICE Y, FRIL-5 MR TIETSH, >R Y >, MLEEEE Te DAOH

BT 1095 DBEEFRENBES K, 862 DBEFREAHL %R L. MEKI, Fos, ERK 72 & MAPK

BREEECFORENEZICENT A3 EFHL ML, (H1)

2) Tgl=& YiEMEAE L 7= MAPK/ERK #E85

YIRALTAYT 4TIk YY) UERE c-Raf, MEK1/2 & ERK1/2 #i & MAPK/ERK £28Xp5:8E &

YIRUDEBERBLIZECS, TERBELLGEOWHICHA Te MBH CIRRENSAHESH, £

DI AS MAPK/ERK B (PDOBOSO) 12 &k Y I &tz Tg ALER & TSH ALEBREQD BrdU 7 v 2 4

OB T, PDI805Y (Zk YIS B Te OMBRIETEEMEA TSH RBH TERH o hizh o1,
(E2)

3) MAPK/ERK O F D MALIERETA¢ Tg < & Y EREE Shte

RI-PR &9 T R4 Y TA T4 2 FI2& Y MAPK/ERK B D T D:EET O mRNA & 5 234 35

MEFMLI-EZ B, c-mye, c-fos & c—jun G EDEERFH Te fRIC L VEEIZEBNEHh,

TSH TikgmasdZ ohiaho7=, Ff-, HREAHIZAT 4EEF cyelin D1, cyclin D2, CDK2

& CDK4 # Tg FlEIC & Y EERMICIAM, Ro 0V VY BHEAFE S hT-, (B3)
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ABIETIE, 4 FRIL- S MR TIE, Te ASMAPK/ ERK B8 £ E ML S 52 &12 & Y CDKs 4
iR E R E R FOMNAGRKERb DY VB b ERET HEERB L. Te ISk UFES
hoHipagmEld TSH S B4 > TWAPK/ ERKBREF#FAL TSI LER LT,

MAPK/ERK #2813, #IRIGTEICRAS ¢ A BEBLERTH>T. EITMEK, Raf & ERK M LR &
hTW5, ABIRTIE, Tg AR UBEE c-Raf. MEK1/2 and FRK1/2 ORBIENEHE, = OHM
48 /EFAS MAPK/ERK TEHEEX] (PDIB059) 1=k UM A hi-C EEY TR AV TAYF 4T &
BrdU 7wt 4 THEELR. —A. TSH 2k USET 4IRS PDIB0SY MBICEEEREA
Motz ERKASY UERET 5 & c-my. c—fos & c—jun L EDETRFAERLE S, HERRAIC
Bt Z@fETF oyelin D1, cyclin D2, CDK2, CDK4 & Rb ) LEE{bAEEE & h, $EREAS G
Mo SEICHEBMRENZEET 5. ey, c-fos & c-jun L EDTRNA L2 oA Tg &k
YiEtE e & oyelin DI. cyclin D2, CDK2, CDK4 oi&m& Rb ) LEEEMEFE Shi-ht,
TSH CIHBELG T ERIGM o ERE Te (X TSH £ R4x o 7= MAPK/ ERK £215% 91 L THIRRH
BEFEL TSI EERLE,

TSH ARSI T 5 TSH L 75 — 468 PI3K- Akt BHZ B¢, MISHEEH
BLTWAEMESNTL S, ®ili. Rafp21 43 TSHERMIZ S RIS L. £ DOFAL Raf- ERK
BRE*#FHALGVCEAREL TS,

—F. TR, FRIL-5 R CIE, TSH, 1 R 1) > & MEEEFETHERED Tz A% PI3K/ Akt
BREZALTHREEZFET S LLERED Te AHERIBEEZMHN TS L 2HEL. Te 1L
THS & Ak PI3K/Akt FEE A L - MIRAMBE L FETH LG L,

ChoDIEMn, Te ik > THERSh MBI TSH & A PISK/Akt BEBENT 58
B8 & PIBK/AKt %4 S 7Ly MAPK/ ERK BEBEOZOBBEMA L TWLWEIEEREL .

2]

& FIG. 1. DNA microarray analysis of genes expressed on
Nelufalz: Runxf . ERK3” . . ) )
B%%ﬁf““dMaﬁ\deynf’ e FRTL-5 thyroid cells after stimulation of Tg without TSH,

Fosf1: fos T e
4 fike antigen “'-'r'-' ok Tg . . _ g .
JO-CMm3\\<1{_“E' . étwams insulin, and serum. FRTL-5 cells were initially grown in
® \":‘. 4 o the medium containing TSH for 2 days, then changed to the
10t \?L’ : " TSHR medium without TSH, insulin, and serum for 7 days. Cells
e TPO
AT were exposed to 5 mg/ml of Tg for 6 hr, and total RNA was
’;wsﬂFf gg}mz ?l::‘hfbflof
107~ -3 o s extracted. Scattered plot of the gene expression levels
10 10 10 10
Tg(-}

with Tg treatment are shown
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pogsose - - + FIG. 2. Tg increases phosphorylated ¢c—Raf,
012 3 4 6 12hr Tg - + 4+
Phospho-c-Raf TTTTmmmR PhosphoMEK2 = phogphorylated MEK, and phosphorylated
Phospho-MEK1/2 S .- — MEK:1 - - . :
Phospho-ERK1/2 i 4=l Phospho-ERK1/2  —- ERK in MAPK/ERK pathway‘ which was
[1-2CLiN - pan ERK ——

[ractin —e= = syppressed by PD98059. (A) FRTL-5 cells
were initially grown in the medium

containing TSH for 2 days, then changed to

Absorbance

the medium without TSH, insulin and serum

for 7 days. Cells were treated with 5 mg/ml
Ta  TSH of Tge for 0, 1, 2, 3, 4, 6 and 12 hr.

Total proteins were extracted and analyzed by Western blot as described in Materials and
Methods. (B} FRTL-5 cells were initially grown in the medium containing TSH for 2 days,
then changed to the medium without TSH, insulin, and serum for 7 days. Cells were treated
in the medium containing PD98059 with the final concentration of 50 uM 30 min prior to
the Tg stimulation. Total proteins were extracted after 24 hr of Tg treatment, and analyzed
by Western blot as described in Materials and Methods. (G) PD98059 inhibits the Tg induced
BrdU incorporation. FRTL-5 cells wére initially grown in the medium containing TSH for
2 days, then changed to the medium without TSH, insulin, and serum for 7 days. Cells were
treated in the medium containing PD98059 with the final concentration of 50 uM, 30 min
prior to the Tg stimulation. Proliferation analysis was performed by Brdl incorporation
as described in Materials and Methods. Results are the mean + SD of triplicate assays

from three different experiments. = P < 0. 001,

Zz FIG 3.Tg increases mRNA" and protein levels of
0 1 2 4 6 12 24mic
Fos BRSNS  Lranscriptional genes. {(A) FRTL-5 ce!lls were initially
Acth [ ———————— grown in the medium containing TSH far 2 days, then changed
,‘IE to the medium without TSH, insulin, and serum for 7 days.
c-myc IR vy

y Cells were challenged by Tg for_O, 1, 2, 4, 6,12, 24 hr.

f-actin ew-em-esesewewes-as 10tal RNA was extracted and anaiyzed by RT-PCR. The PCR

¢ 0 3 & o 1z 18 24n Rroducts were analyzedon a 2 % agarose gel electrophoresis.
CDK4 . —
Cyclin D1 —— am 4 AR (B) FRTL-5 cells were initially grown in the medium

Cyclin D3 e o o cw o i
CDKZ =~ = — == - -ma» containing TSH for 2 .days, then changed to the medium
pRb —_—— e — -

" -actin — = == wsew ywithout TSH, insulin, and serum for 7 days. Cells were

challenged by Tg for 0, 1, 2, 4, 6 12, 24 hr. Total proteins were extracted and analyzed
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by Western blot as described in Materials and Methods. {C) FRTL-5 cells were initially

grown in the medium containing TSH for 2 days, then changed to the medium without TSH,

insulin, and serum for 7 days. Cells were challenged by Tg for 0, 3, 6, 9 12, 18 and 24

hr

. Total proteins were extracted and analyzed by Western blot as described in Materials

and. Methods
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