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A Gene Encoding Endoplasmic Reticulum Resident 29 kDa Protein is
Regulated by TSH-Dependently at the Transcription Level.
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Abstract

This experiment was performed to evaluate the effect of TSH (thyroid-stimulating hormone) on the ERp29 (endoplasmic
reticulum resident 29 kDa protein) gene expression in the rat thyrocytes of FRTL-5 cells. Although ERp29 mRNA was
constantly expressed, its expression began to increase remarkably from 10° M TSH. and its maximum expression was
at 5x10° M TSH (about 3.5 fold). On the other hand, the effect of TSH on the abundance of ERp29 mRNA started
within 6 h, and peaked at 8 h (about 2.5 fold). Actinomycin D (transcription inhibitor) strongly blocked this effect
while cycloheximide (translation inhibitor) did not. The half-life of ERp29 mRNA was about 4.5 h in the presence or
absence of TSH that was not affected by the stability of ERp29 mRNA. The effect of TSH on the ERp29 gene
expression was specific, while other growth factors (transfferin, insulin, and hydrocortisone) did not alter its expression.
Our data indicate for the first time that the expression of ERp29 is regulated transcriptionally by TSH in the
thyrocytes.
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A¥A (endoplasmic reticulum; ER)9] 713 8.8 A&
&4 75 59 shue AEA AdEHe Fudwad A
ot el Jeg 93 23 (folding & assembly)&
A3 42 BAAH S W5 F= Aoltt ol 93t e
Z59] ER chaperones, ER foldases, ER degradasess &
AW 7HA k. AF o}5L 9hH3 ER quality
controlS AN 2o £ 2 299 vHAS
S RolA7T SUSA DEOIA ANLHE A B2
S A Ho g ZHsHA goi5]. 2o 23AY £
MH & (molecular chaperone)3¢] 3}v4¢l ERp297} z+z}
T agd A FA RuHglth o] BEe AT
of £A18y dAsHA waE A&sta ATt AET 4
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AEYAE u9e o] Z7lele SEGA S B o
o] cDNAE o 26079] ofn|iil (28574 Dag] £4}
g Foaty Qo ple 560]1:}- a3 AXA ] EA
= EAME 29 Eolael 729) KEELS C-ehd] 714

2 glom AAFE SRR AY 029AER oFF Fa
A EA/8. ERp2E ERo] EASHE BRI 9%
22 BuaY 271599049 83 482 3 Bip/
GRP79¢} gz chal Ao o3t A3 238 319 thioredoxin
7} A 80134 (homodimer)E A% [3 13,14].
g2 AFAY FARHEL <Y l AR
ZY, 2o Ao Aaf, Zgole ud, 2N EA
A2o gild o|lF Ad, 1u 3ﬂﬂxﬂﬂr Fas5 59 1
2814 $ERH481011,17). 283 7HE Ao o3
‘iﬂéﬁl&ﬂ ﬁ} of JeiME FEHE Aol HAAUR. 3
TR 29 g A7ldA 4‘1
Ae AR A LAV F4F 2EH2
Aol By ®H A} go] 7)EH
r:}[313 14]. ERp29¢] W88 Y E 87
3t deolH, 53 T2 AT F
AR ol o] Ho| FEstd B A
-_r‘L SEE9 o ERp2Y fFrAALEE A8tA [19].
Z, AN (FRTL-SH E)ol A ERp295-4 2] ke oFi}
& B 7eF I8 9% d SAR PdAsEEE
thyroid-stimulating hormone; TSH)ol} ¢]3}o] ERp29-#-#
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AE 2 ERp29 AR wE

2o o] g A 2HH=A dF3td TSHe FRTL-
SAZe AAAQ diatel] SlolA 71 FLF s2EoY,
E3] TSH7} FRTL-5A oA gloiA fgdsze §4E
BA FAgte AL oW F ¢EA gl [7]. HZ
$-2)= DDRT-PCR (differential display reverse tran-
scription-polymerase chain reaction)¥H-& A}-83}o} FRTL-
5HIEA A TSHe|EH o2 wdse J 7Y RAAEAT
o} 32 ERp29H-AAHHS 31 31¢TH18]. ERp29+-4
2 w3 27 YA Northern blottings & wjoj
of BAS PR H4 sto] EAAE AT B =8

& ERp29 # AR wdo| 2 (TSH)Fo|FHOoZ2 ofF
AADE 2E 9T H29 Ruolth

ol didy
oH
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Ao AHES 1E¢x9] TSHE v S8R 974
9 FP2sy], Bul AFATATLY 2R P 22
1% o2 HE (NIDDK-bTSH 1-1; 30 U/mg) A= At
AAE DA [PPI-AATP (3,000 Ci/mmol)= ©]5 Dupont-
New England NuclearZ %8 w3t g tH15]. & 3|~
AFRH Aok = ¥ g X784 e Ags g 250

2% 0] Sigma Chemical Co.22€] Fujdte] A3t

Ml

79| 742 u] %A E (FRTL-S cell, American Type Cul-
ture Collection, CRL #8305, Rockville)E 5% A8 A3} 4%
%9 T2 (10° M TSH, 5 gg/nd transferrin, 1 pg/mé in-
sulin, 10 nM hydrocortisone; 4H)-S ¥ 38}31 9l= Coon’s
modified W14 elA FSALh MATIY 2D 37T,
5% oldtstgtx, 12| FE3] 8 2dolH 1] Alxe
TSHel| 98t £HAIHE 36+6 ] to]®, TSH7} & W=

2434 etk APl AHE A EE 5the} 20the] dip-
loidojt}. AlXg BjA|E 2-3Y z}?ﬁog AAE ) oka

A} 22kl AFo A AE= 2 PBS (phosphate buffered
saline) 2 33] A H3le] #A3| T2ES AHE vl 4H
2 33slx @ AA A o)A 4847 wjok Fof TSHE
4987 (3% 3 AD) gekd Heskgn
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RNA Z2[2t Northern Blot Analysis

Z7] & TSHeT/AIZPEE X2 d FRILSHEE scr-
apper2 #Ho]Xol YAl o] Yol 2000xgE AN
387 94 Beldtel TS Roith mold Axo) lysis
buffer (10 mM Tris pH 7.5, 10 mM KCl, 1.5 mM MgCl,,
0.25% Triton X-100)& ¥ ] homogenizerg A}g-3to] vl
#ch. ARNAJ} Zolgl= So8e 01 M EDTAS} 57 M
CsCl & 9ol ZA2HA FFata] 15CoAA 24X 5t
36,000 rpmo.2 94 E#34Uct (Beckman SW55 rotor).
2oz HARNAEZ #2489 (1% SDS, 0.01 mM Tris pH 7.5,
5 uM EDTA, 500 ug/mé proteinase K)ol 3l&4 5<F A
gl8tsie.H, 289 phenol-ether & Fof Fojz ARNA
£ DEPC7} M8 F75d 549 7 A& RNAE UV-
EBAZ BAF 3o o]F9 4Fo ALEH W7}A] 80Tl
HE34h

Northern blotting® © 2 ERp29 mRNAS| #HHE 4
Aot 47 FZFd 20 g9 ARNAE denaturing
agarose geloll A A719F 34tk #7194 % &, nylon mem-
brane (Boehringer GmbH, Germany)d] %729, mem-
braneg UV-crossliker (UV-stratalinker 1800, Stratagene,
Germany)E ©|-43}4 crosslinkingd} ¥t} 18]2 o} mem-
brane- g TF%X SDS buffer (7% SDS, 50% foramide, 5%
SSC, 2% blocking agent, 50 mM sodium phosphate)& A}
£3}o] 50T oA 2A)1 7t prehybridizationdt o}, 2181 &
23k SDS buffers AMg-3te] [?P]-dATPZ labelling® ERp
29 DNARHS EAAEZ Yol 50ToA 2447 hybri-
dization3l§t}. Hybridization$ membraneg 2XS5C%}
01% SDSE AHg3td AoA o8 H AFch Xray
filmol] =%3}7] 48t 5A17H| A 24A17-E59F 80T 9
deep freezerol A =& A)Zt}. ERp29 DNA EH-& agalose
gelZHE ©el3}7| $15td DNA Premate™ Kit (Bioneer,
Korea)E ¢] &34 1, DNAYH 2 ¥4 2Random Primer
Labelling Kit (Amersham Life Science, Arlington, IL)E
gt
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TSHET/AIZH of&EXQl ERp297AAS| UH
&AM E (FRTL-S A 3E)elA ERp29 (endoplasmic re-
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ticulum resident 29 kDa protein) f#x}7} TSHe]EH o
2 e eAE d8eArh FRILSAE7 SAsHA &
2R ggg oA = TSH, insulin, transfferin, hy-
drocortisone (4H) o] ¥ s o] g1z ke AAu| oA 2
AZr WG ool 8 FE9 TSHE ¥ol 4Nzt ¢
wjoFal gk Fig. 1ol BHe AAY ERp29 FAA 9
mRNAE TSHEZd| metd 77] g 2aFES B3R
th. 10° Me] TSH7} He]=le mRe 2do] Zrlsle
RS A F gAor Hee 2HL 5x10° M9
TSHE A HAE WRom 1 o] TSHExNM=

35+ (A)

25 +

1.5
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Fig. 1. TSH influences ERp29 mRNA expression: Dose-/
time-dependent induction.
{A) The effects of TSH-dose on ERp29 mRNA expression.
(B) The effects of TSH on ERp29 mRNA over time.
Confluent FRTL-5 cells were treated with the indicated
doses of TSH at 37°C for 24 h, after treatment for two
days with 5% calf serum and without 4H in the growth
medium. Total RNA was isolated as described in Materials
and Methods and was subjected to Northen blotting.
Qualification of the ERp29 mRNA band in the Northern
blotting by phosphoimaging. Both were preformed with
duplicate samples, and the results were averages of
repeated experiments. Statistical comparison of paired
mean values (i. e. TSH treatment vs. control).
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AHog wyo] 7HAsAT
o}2] TSHo|| 2)3}o] ERp29 A z}e] wo] ZAHT =
ByE gty a8Eg o] d¥ddsge gAMAEA TSH

FE Zolth. ERp297} AF AW BEANIHEQ AMES
1 W, o] T = W A AL ofc}. FRTL-54
Fo|A TSHY ¢J& & AXAUN EARHZEL 4
Bl o] wEo S 7)o dACl ®1tH4,8,10,11,17].
a2} Fig. 1A, B9 ZHE nlgo g & ujo), FRTL-54|
7} AR A el A= ERp29 FRAAEE L o] F0]
A A5k TSHel| o)A dd o] dA3| F7tse Holth
o]24 TSHE A XA ERpMt: EAMHES F7}
ANROZA ARAF e WHEAF gt AE F4%
BAWZRE NITE tHFoY HAPHoz {FAA T
T dd #osle A0 4T 4 Uk

99 AdAHe) N BoF 47 ugo 2, ERp29i-3
7o} urglo] A3 Way) AlZshes A (10° M TSH)o|
A} ERp29-47Le] A7k o] W gAs 43St FRTL-
S5AEE 5% $¥AF 4H7F fle AFuAdA 297 A
WF & G A)ZH5< 10° M TSHA e el A u st gTh
Fig. 1BoA] B 713} o] ERp29-¢-A29] mRNAZE %
Zlle TAHA Fhor} 6AARE Z787] AlFste
A Ao 71 F& HAYSS BPor (oF 254), 1
o]el AlZtol AupH A asty] AlzeA| gk TSH7L
A=A B MEAAM Hide #& AedA g3 2
& FABAT

A2 A71AF PAAATAN B FHY §4Z (¢
myc, junB, fos B)S] FHL A%, Fd, FEAT W33}
o o}F %7] 24AZH Lol doJueA W cjundt egr
A FEe 038 Ay oi15]. 23y TSH
of g XA FARHAEY FHATHA B A7
E Basea) gt 2 A £2)3lE ERp297} TSH
of oste] HluH GAZE (6-8A1Zh LAHAT ThE 2E
g2 vlaste HHAHE Aol 27 ¢ Zele Al o
g Ao BE7iEe d AedAe S8 ol + itk

ERp29F XXt HAL Y
ERp29+7Atel Bz HE AL 2 HAFFA o]
< d438s

a7 et ot} B

A
[=3 =]

A3H & ERp29 ALY 2E

5% A¥AR dH7} Qe A AN 297 A g &
o], actinomycin D (AD; @A} A3} Al) [6]2 cycloheximide
(CH; ¥g AsfAl) [12]& TSH7F EUde WA Y
A & WA oA 247t 22}tk Northern blotting]
A7} Fig. 20 BAA 1 St Fig. 1e]A 42 279} F
g3}A TSH 95025 2523 ERp29+-Aae] Bdo] &
7hE ek AD (02 pg/m)9l E3h= TSHIL S0l AY &
2 EoAUA $& = BAglo] FAFTHe ERp29FA
2o} wrge gigleh T3 CH (0.2 pg/m)E ADE H23
A FYaA Azjd ZAHERp29 mRNA7E ofF st
FHEH UL ofHF ok ERp29 mRNAS] 2Eo] yeh
T o= CHE A 3}7] ol Ad o|v] AELAW whsof
1 ERp29 mRNA wjEojt}. o]4e] 4¥Z27%z £ wd
ERp29 f-371e] wdo] HAL & & F& WA A
ZAHE o] opln AN AGA 2HEES @
283 TSH7} ERp29f-AAte] #d-& 24d3ste vl
A Y5& € & AUtk wheFd] TSH7EF A/ WG dA o
#odgctd TSH7F AD/CHSE 34 A2l ZzolMe TSH
7h AP EA e 249 #d Byt & ERp29 mRNA
o) W g Hofopgitt, 2t Fig 29 Z#e} o] TSHAY
7}o] Al A& ERp29 mRNAS] w&e Sal7tA] gt

™

4 o
My 32
2 8 &

AD - - - + -

CH - - - - - +
TSH - + - + - +
Erp29 —

188 —

Fig. 2. Effects of actinomycin D and cycloheximide on
TSH-induced accumulation of ERp29 mRNA.
Confluent FRTL-5 cells were treated either with (+) or
without (-) 10° M TSH for 24 h in the presence or absence
of 0.2 ug/ md actinomycin D (AD) or 2 yg/ mé cycloheximide
(CH) after 48 h without any hormones as the growth
medium. Total RNA was isolated as described in the
Materials and Methods and was subjected to Northern
blotting. An arrow indicated ERp29 (upper panel) and an
ethidium bromide staining of the 185 ribosomal RNA
(lower panel) was used to indicated the equivalence of
the on the gel.
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ERp29 mRNA 27| 4

DRB (5,6-dichlo-1- 3 -D-ribofuranosylbenzimidaxole; 25
pg/mt)& AHg-stel, TSH7}F ERp29 mRNAS} AlEuf <H4
Ao vlA= EHE 4g3Yrt DRB= eukaryotic RNA
polymerase 15 Mel & 07 A3sl= &2 o|r}16]. DRBA
g HE2 mRNAZE S A X3k 3t A, AL
712 A5t mRNAY 42 AHEE ¢ A
t}. Fig. 30A] Be XY A4H oz wgHugle FRIL-
5H|ZM DRBE TSH7} 2ol WA}t E3A %<
wj Aol Zk2t A2 Fo AzPE2 ARNAE 2] North-
ern blotting3}§{t}. TSHA 2] #-F-9F B glo] 8A|7bsfol =
ERp29 mRNAZ 31 4= gigit) ol AZZ U
AJ3l= ERp29 mRNA7}L 82170 A Esjde AL
oju)git}. Fig. 3% Northern blottingZ 35 A #3313 AL
2 ERp29 mRNAS] W7t7]e TSHH%o) BAIglo] oF 45
Aztolth. o] A& Az TSH7} ERp29 mRNAS] ¢+
Aol A FFE AR B2 ¢ F ATk F, Hg 29

2349 $Ysh) TSHE AAtol 3ol gAldlE Bofaix] &

=
L
KeX
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Fig. 3. Effects of TSH on the stability of ERp29 mRNA on
FRTL-5 cells.

Confluent FRTL-5 cells were treated with DRB (5,6-dichlo-
1- 8 -D-ribofuranosylbenzimidaxole; 25 pg/me) at 37°C and
chased for 17 h in the presence (+) or absence (-) of 10°
M TSH. Total RNA was isolated and subjected to Northern
blotting as described in Material and Methods. The exper-
iments above were performed with duplicate samples and
the results were averages of repeated experiments. Qual-
ification of ERp29 mRNA signals in the Northern blotting.
Statistical comparison of paired mean values (i. e. DRB
treatment vs. control). Presence (Circles) or absence
(Rhombs) of 10° M TSH.
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ERp292| TSH S0|X &g

it oz FAARAAE FAVNAARTG FFA G
A AAEFAE F48t o] EFA 7 s A
AVRAIE 817] fstadMe Be AAE QR Fo [19].
a#A $EE TSH7L e fE 2AAA A%
1} (trasferrin, insulin, hydrocortisone; FRTL-54 &
Fated AL A7 ERp29 KA g wAE F
&S Agsytk. FRTLSHEE 5% 42843 4HY) gle
A A oA 297 A wjF ¥, TSHAHZE R w37} 2
o] Ao Ztzt 2424759t transferrin (5 pg/md), insulin
(1 pg/mi), hydrocortisone (10 nM)E 78l vl 43I
t}. Fig. 4014 B 249 TSH7 e 240U Qe 2
oA AARIAES ERp2IFHA Hd F=ejnl 9%
< 7IAAE B}t o] TSH7F Aol 34 Al EAA

[¢]
£ 5o]Ho2 FRpOFAAY BES 2HFL ol

insulin | - - + + - - -
Transfferin | - | - | - - |+ |+ | -] -
Hydrocortisone | - - - - - - +
TSH| - |+ | -1+ -] +]-]+%

Erp29 —

B
188 — F

Fig. 4. Specificity of the TSH effect on the enhancement of
ERp29 mRNA.
Confluent FRTL-5 cells were treated for 24 h either with
(+) or without 10° M TSH in the presence of trasferrin
(5 ug/ mt), insulin (1 g/ m) and 10 nM hydrocortisone after
48 h without any hormones as the growth medium. Total
RNA isolated as described in Materials and Methods and
was Northern blotting. An arrow indicates ERp29 (upper
pane), and an ethidium bromide staining of the 185
ribosomal RNA (lower panel) was used to indicate the
equivalence of the on the gel.
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AR TSH7} 84 A2ld Ro) TSHA B5o2 3
28 ERp29 mRNAS] R8Zn iyt 29 $8FE wao}
#e Rl

2 o

£ AFE ERp29 (AXAY A &)
A3AAFTZ2E(TSH)Y| JsjM FojHez dojue A
S ¢V o)t ERp2IFAHAY wHo] FFRAANE
QRS LEs7|E skA T TSH7E 10° Mol X 2E 2=
A HEGPES B, 23 AHeRE 8AZESE
TSHE A4S wo Huze wds BJrh TSHY
F3-9F Aol MAA AR actinomycin DE %8 8}
ERp29-f- A=) Hd& AsatgAw "AHAHRA cyclo-
heximided] 9= AR &gk}, o] ERp29772}9]
gHgo] AANGA NN 2HEHE A ug gt} ERp29 mRNA
o A¥) w7)E TSH7E AV £& gle 2494 §
AstA o 4547k o] o, TSHE ERp29 mRNA2] ¢H3
Ade 4% FA 43t e 4IRS ERp29FA
Aol Hde Fe EFE I8 U FEL ofd Ao
Hol TSHEo]Ho 2 WHHES ¢ 4 YAtk & AFZ47

THol

& ERp27} 3289] TSHo| e Soldoz d %3
A% 299 Hz9 wuold,
ZALe o

o] EEL 198UE A& E
o] A7} (KRF-99-F00132).
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