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This study demonstrated that upregulation of gene expression of endoplasmic reticulum (ER) stress
chaperones (Bip, ERp29, calnexin, and PDI), ER stress sensors (PERK, ATF6, and Irel), and cAMP
phosphodiesterase 7A1 (cAMP PDE7A1) was induced by ER stresses in FRTL5 cells. While removing
A23187 from the culture medium restored upregulation of cAMP PDE7A1 gene expression, removal
of thapsigargin did not recover its expression. In addition, cAMP PDE7Al gene expression was
strongly inhibited by treatment with A23187 combined with thyroid stimulating hormone (TSH). The
results are the first to show that ER stress induces cAMP PDE7A1 gene expression.

Key words : cAMP phosphodiesterase 7A1 (cAMP PDE7A1), endoplasmic reticulum (ER) stress, ER

chaperone
MOE

AEE o7 F 5
W A 2458 S 7HIth AlE e A A e £
SAIIE A& MELEH 2 (cell stress)eal 3}, 1 Fof
% 23X A (endoplasmic reticulum, ER)ell A F3F-E
AE& LEA-EY 2 (ER stress)2hal 9] RHA S 2 ER
stressE THIAZE FalA U Hojobd Tl Fe] Fxo]}
=]

(unfolded protein response; AXAX~E# 23| F4
He 54 gAY dabiEe T dude W oA sys-

I

lﬂ?
S XA AR Z(ER chaperone)o| 2l stttk Al X W T
o] 9FA Wals AT de AE Ul 2EAAEA
chaperone©| ZA FE-& WtTh ¥HE chaperone©] 2kl &t
= Mol »yobA Fefelle a0A A4HA FAd 7E
3 BAe AAZE FE we, oFA Q) g de] Wy
7 W ds HA Jdtka AZE . Chaperoned A&

e Zesivhol =9 folding, Bl do] 7]5& W33he Al
I 2718 FE AZE £F, Sl 725 53 dy
Ato] 715e & & A B4R FEde F48, 45l
misfolding® T} B ash  sujde] L& 5, &

*Corresponding author

Tel : +82-42-580-8206, Fax : +82-42-586-4800
E-mail : oykwon@cnu.ac.kr

tThese authors contributed equally to this work.

Aol BojutM Asstal 71744 1o dAe A A o
7HA] e o] AA A S BANF = S Fo[TH1]. AlEu
9 ofg] 7HA] @A e 715 dE AeiA glolre < He
TaA< 7 A

Cyclic nucleotide phosphodiesterases= cyclic nucleotides
cAMP (cyclic adenosine 3* - 5-monophosphate) 22 cGMP
(cyclic guanosine 3’ - 5-monophosphate)< hydrolyze3sh=
58S 7} superfamily proteinZA] & BZ%H common cat-
alytic domaing 7FAH 65%°]73¢] 45 4E Btk o]« o
# FFY extracellular stimuli (e.g. hormones, neuro-
transmitters) S @3t intracellular second messenger = A
Pazloln A2 A whgo] 75l s 7S 7HA
T o4l e A FAARE 1998390 A BuEion, &
2 cAMP hydrolyzes & (Km 0.03 - 045 uM)= E ok A&
A 5% 79 isoform¢] HIEI JUTH10]. FAAEEH
leukemic T cell line Jurkatel| 4] 73} promoter region®ll
cAMP response elements ¥5A 22 7FA 1L §lt}, W o]
¥ 222 airway epithelial cells, brain, heart, liver, pan-
creas, thyroid and skeletal muscle, spleen, testis, lymphoid
tissues olth7]. &Y cAMP phosphodiesterase 7A1
(cAMP PDE7A1)¢] A&st BEA 7]5& BEHstAw
cAMP PDE7A19] AsjAl7L W 2 dZAaAMLE 5%
2 A7Ha gk B A7aks A AA DT <&l
A Edo] Sk #3459 shE cAMP PDE7ALS H
23F 8. £ AFeME ER stresso]l 234 cAMP
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Coon’s modified F-12 v o] 5% calf serum, 1 mM
non-essential amino acid, TSH (10 mU/ml), insulin (10 u
g/ml), hydrocortisone (0.4 ng/ml), transferrin (5 ug/ml)<]
HA s2E EFAE A7hete] whE v g @ H k)l
FRTL-5 A3 5(Fisher rat thyroid)E B ¥3tSth =2 vl
oS 23wttt wstA L, AI2E 57U vt} Al Hi st
TH6]. ER lumen®] Ca® ¥ %S w1 &3}E calcium ionophore
A23187 (1 ug/5*1%t, SERCAE inactivationA] 7] thapsi-
gargin (5 uM/52171), R & A o] ERA Golgi complex®
9] o] Wellsh= BFA (10 ng/ml), 21494 o] N-glyco-
sylation inhibitiond}+= tunicamycin (2 ng/ml), 2143 T 2 9]
S5S-34E Walste DIT 3 mM/3A17HE A% HH FA E
A2 StH3]. RNAS A< mo]& cold PBSE 383] A4 3
Theoll AH&-gHe}. RNA isolation reagent (TRI-REAGENT)E
500 pl ¥l 2-3% At F scrapperZ # O Zo} 1.5 ml tubed]
¥ 100 pl® chloroforme F7bste FE3] Hol& s
13,000 rpm, 4T oA 158 5 A4 E2lst¢ich. oF 500 ule]
FeAE FHtd MZE tubeZ %713 F5HFY isopropanol
YL Aol 102 B A2d F 13,000 rpm & 102 &2t
AAE )3} tubes] Bl B pelletell 75% ethanol&
%7] RNA isolation reagent ¥ &g 500 pl ¥ 3l 12,000
pmO 2 5% ¢ 94 FEste] HFAHOZ total RNAE
8. DEPC/t AEl® F/HF9 59 UV spectropho-
tometer® A F5tAh 1 o2 3¢ RT- PCRE RNA
(3 ug)E 80T A 3% 7FE3lH denaturation A7 $ HIZ
5o B7HET 10X buffer 3 ul, ANTP 4 ul, 1 pl9] oligo-dT
(300 ng), 10,000 US] & AA}H 29} RNase inhibitorS 37}t
A F 30wk A g F 42CAA 147 30 <F REEAIA
DNAE FA4gth whgo] £ F 4T A 28 WHEAIA
JAALE A E inactivationA 7] TOFS < 100 plE @& 1
U BAE DNAE 5371 f8)M PCRE 333l
PCR ¥H&<H 20 ploll Z7+e] Forward 9} Reverse primerE
HolX 94°C 5%, 94T 30%, 57C 40%, 72°C 40%= 273 W5
sto] M719 502 A8t t) AME-E Forward ¢} Reverse
primer o}#) 9} 2t} F (5-AGCTGAGTCTCTGCCTTTCG
3), and R (5-TGTGGTCTCTACCTCCCTGG-3) for Chop;
F (5-CGTTCAGACAGAGGCCAGTITC-3), and R (5-CGA
GGACCACCATCATCC-3) for Rpnl; F (5-CAGAGTTCTGC
CACCGCTTC-3), and R (5-TCCTCGAGATCGTCATCATC-
3) for PDI; F (5-ATCCCAGTGTCTGATGATGCGGAA-3),
and R (5-CTCTCCTGGACTGGCTGATATC-3) for Tg, F
(5-ACCACCAGTCCATCGCCATT-3") and R (5-CCACCCT
GGACGGAAGTTTG-3) for IREL; F (5-AGTG GTGGCCA
CTAATGGAG-3) and R (5-TCTTTTGTCAGG GGTCGTTC-
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3') for Bip; F (5-CTAGGCCTGGAGGCCAGG TT-3) and R
(5’-ACCCTGGAGTATGCGGGTTT-3) for ATF6; F (5'-GGT
CTGGTTCCTTGGTTTCA-3’) and R (5'-TTCGCTGGCTGTG
TAACTTG-3) for PERK; F (5-AAACAGAGTAGCAGCTCA
GACTGC-3) and R (5-TCCTTCTGGGTAGACCTCTGGGA
G-3) for XBP1; F (5-GGACTGGGACGAAGAGATGG-3)
and R (5’-CCTCTGCTCCTCATCCTGCT-3) for cAMP phos-
phodiesterase 7A1; F (5-AGCCATGTACGTAGC CATCC-3')
and R (5-CTCTCAGCTGTGGTGGTGAA-3) for GAPDH.
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Fig. 1. Expression of cAMP phosphodiesterase 7A1 (cAMP PDE7A1) gene by endoplasmic reticulum (ER) stresses. FRTL-5 cells
were treated with various ER stress inducible drugs during indicated time. All mRNA levels of immunoglobulin heavy
chain binding protein (BiP), CCAAT/enhancer binding protein (C/EBP) homologous protein (Chop), endoplasmic reticulum
protein 29 (ERp29), protein kinase RNA-like endoplasmic reticulum kinase (PERK), activating transcription factor 6 (ATF6),
inositol-requiring 1 (Irel), calnexin (CANX), human protein disulfide isomerase (hPDI), ribophorin I (Rpnl) as ER stress
landmarks, thyroglobulin (Tg) as a secretory protein, and cAMP phosphodiesterase 7A1 (cAMP PDE7A1) as a target were
measured by semiquantitative RT-PCR after treatment of various ER stresses. All experiments were performed at least three
times in the same conditions. (A) Expression of genes (cAMP PDE7A1, ER chaperones, ER stress sensors) by various ER
stress inducible drugs. (B) Effects of calcium on the expression of cAMP PDE7A1. (C) Effects of TSH on the expression
of cAMP PDE7AL. (D) IREla-dependent splicing of mXBP1. cDNA of mXBP1 was isolated by PCR, and the amplified mXBP1

cDNA fragment were digested with Fsd.
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