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7 v PEREEEEFRREME (FRTLS) o 1 &
5-Fig— FiEMICRIETA vE—a1F 16,
A vE—uafF V6 BIOEEEERFD
wEB LT OFRAERF

SRAFEFHDRMFRE (140 HHD)
m K I

5y MEREEEETRBMRTH A FRTLS Mg BT, 1 v & — a4 % v-18 (interleukin-18, IL-18), 4 v 2 — =
4 ¥ -8 (interleukin-6, IL-6) & X C'EFEHEFLE T (tumor necrosis factor-a, TNF-e), OFIRE [ & 5-Bi= — FEER (type |
iodothyronine 5-deiodinase, type 1 I-5-D) &M X 08 1-5-D © mRNA REHE~OEEC O THE L. FRTL-5 #lax
054M DY S— A} U E—~ FH1 == (reverse triiodothyronine, rT3) & b L —+ —&® LT3 T EUERE CURFMEE
®, HREPOER | "X =y 72 0W-X2 25 A THEL LT ORSNEEXRE L. FRTL-5 AMROK 2 — FiE#2
FRR IR B & )V % v (thyroid stimulating hormone, TSH) @i & D EBE O 3BIIEML, Yo —AFF o 5oL
(propylthiouracil, PTU) & & b FHHIH &3, F- 4 2%~ v (thyroxine, T4) IZ L W BEKREUICHEI N, “ABD
FrRAs b, FRTL-5 MO 2 — FIEMIZFRIRE [ 8 15D 0% L@ T, MM EZ WX 5D IIER L D
b, EEARET COFRBER 5D FHr IRRTA2EFATHAZ LARER IR, 100pg/ml @ IL18 BL O
IL-6 i TSH FETH L UFHFETO 15D FHEEXHEICHH Licht, TNF-« ONEHRRIBRE TOLBER I, V1
FAAVRERZ I D ChOOBHRIZPER LI ZEND, 4 A4 VOPREIHBRBEIC L 20TV Z LARE XA
fo. —=FH, VA-RPNFVAZ Y F2—¥—H VY 25— ¥HEERIG (reverse transcriptase-polymerase chain reaction) T
IL-18 38 L OF IL-6 2 I-5"D mRNA ORBELXEFHHE Lz, AT, ZALDYA r a4 v TSH iRk 0 FBIh i
cAMP B4R LUYF Fv cAMP (dibutyl cAMP, (Bu),cAMP) I X h FE X 172 I5-DEMLEZICME L. —F, 5%
LBERBENTHDH» £ 5 — & (catalase), 7 + A7 3 U s~ A2 (phospholipase A2) [HEH|THB FF 4 £+ v v
(dexamethasone) B8 X U 1 7 m & % & ¥ — & (cyclooxygenase) JHEH TH B A v F 2 £ > v (indomethacin) 1T, \Fh i
FArBA D 5D MEZREEE L gh e, ZhLOHAELDL, ¥4 a4 ViIdERB I W 15D EHBs L0 15D
mRNA OFELXFEF G L, TONMIE IL-18>IL-6>TNFa THHZ &, ¥4 b4 Vit TSHIZEI W EEIh B
cAMP E4ARHEe 500 cAMP E4AUSBORMTHERLF O EYRETANES L2 LOZ L, ¥4 P A1 vt X 5
[-5"-D MEMSR W LEE LR E AT + A7 4 V) A=+ A2 ROFEMLIIS ENL T EAVRB I,

Key words FRTL-5, interleukin-18, interleukin-6, tumor necrosis factor-a, thyroidal type I

iodothyronine 5’-deiodinase

HA b+ A4 (cytokine) IZHERICIT T ) v SERROMERT
EESh b ERTWE CEBH BB S CEE Ry
BUBH, BB ROMBOL TR, L5« OMaT
EEIh oL TERLETEZ LN LR -7, FE,
TANAUFLTA v 2 =7 = » v (interferon, IFN) 4 v
£ —wnA ¥ -2 (interlenkin-2) FELXFT - EETCECREYS
FRBACHRBBEETEORIEA RS-0, BEE
FEA F (tumor necrosis factor-o, TNF-q) 4 v 4 — o { %
v-18 (interleukin-13, IL-18) DB} L8 THRIBE RV £ v DIE
T3 I L, FIREBRBE KA v (thyroid stimulating

TR SFI0A 28BN, PR 5411 A22A 58

hormone, TSH) iI2 32 HRIBORIEHDET 2 bicbT L
TR, A b hA URTERE-FREBRBECE - PE
EEZTOHIHMNRE ERODDD. ERHNTORRRT
L, TNF % IL-1 AFERBERA~D T OBRDAABS IUEHE
B LoMEP~", w1 w2 a7 ) v (thyroglobulin) ® cAMP &
EDBH, BREFRBRRORE Y FEfi+ 50090 0 Lo
ONDORRIB~DEWER LA T I EBNREI R, 1V
& — w4 % -6 (interleukin-6, IL-6) & % 7z, 4 DEEKFFIRIC
BT, BEFREEPIERROME L6 ELmE bV = -
F¥# 4 = = v (triiodothyronine, T3) fE, T3/¥ 1 m &> v

Abbreviations : (Bu), cAMP, dibutyl cAMP; CRP, C-reactive protein; 5H, 5-hormone-containing; 6H,
6-hormone-containing ; IFN, interferon; IL-18, interleukin-18;  IL-6, interleukin-6; I-5-D, iodothyronine
5'-deiodinase ; L-T4, L-thyroxine ; PTU, propylthiouracil ; rlL-18, recombinant interleukin-18 ; rIL-6,
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(thyroxine, T4) A HELADHEREZ T L', £BHNERART
3 BURIE =V A % o & — ¢ (thyroid peroxidase) EEF R,
cAMP E 4 T3 WO MEI7 £ OFRIB~DEEFAL R
I ERBEIRTWATT,

DX A A A VITFRBEECH Uikx Y S
2B HED LT, miE T3 O 80% ¥ EETLIFEHO IR
Plie — FRISCHTEHA 34 vOBBRIEMNTT » M8
O v ARACE I OWTHEIATVWEIRTE
oo EREEDO I 5 BiE - FRECRIETHEIILERE
xRTLEL. BE, Ty POBENERPREMRETSS
FRTL-5 oflagpyric T8 5 Bz — FER (ype |
iodothyronine 5'-deiodinase, type | I-5'-D) {EM OFENRE &
n, BRI 5D EROBRFCERTH S Z EARER L
ABRTIZ, LY EBWCRETHS FRTL-5 DEMBE AV
}o 15D EHAIEROFAELHIIL, ZOWERE AV
TNF-a, IL-18 % L0 IL-6 OFRIR 1-5-D EHENDOEHENY
BRIVVA—RANFVAZ ) TE—E—HR) 2 7 —CHEER
& (reverse transcriptase-polymerase chain reaction, RT-
PCR) #Firzhby A + A4 vdD 1-5-DmRNA HHE~D
BErOWTHRE Lz, ¥/, ¥4 taA VIERORRA A=
RAAWEGENDBEINDET + A7 3 ¥ 4=+ A2 5% (phosphol-
ipase A2 pathway) DIEMIL? ° HOP, O * ix & OiFEMR(LEE
ROEER, Zhby4 b aA vOFRE 15D FEE~DOR
SR ET ALENZOWT LB 2L .

HHBLUHE

. # #

1. R¥E

AEFETRLUTOREYFEFRA L. £RBEMmFE (Gibeo,
Grand island, #®E), v~ A v * ) v (bovine insulin)
(Sigma, St. Louis, XkE), 7V ¥ n-L-e AF UL O vEE
B (glycyl-L-histidyl-L-lysine acetate) (Sigma), »~A F= 21 F
v'v (hydrocortisone) (Sigma), &+ THE-PFYAT = UV
(human apo-transferrin) (Sigma), ¥ = b 2 % F v (somatost
atin) (Sigma), 7~ TSH (bovine TSH) (Sigma), Y N—RALF+Y
2 — N4 4 = = v (reverse triiodothyronine, rT3) (Sigma),
.rT3 (Amersham Japan, HF), 4MmE7 7 I v (bovine
serum albumin) (Sigma), + V 7 = = B # (trichloroacetic
acid) (Fn ¥ s 3, KBR), 34 v 7 F-L-AFrssdrFy
(3-isobutyl-L-methyl-xanthin) (Sigma), 3-(4,5)-v » F /v F 7
Ve 2,507 ==L F FFVY T AT RTAL (34, 5)-
dimethylthiazol-2,5,-diphenyltetrazoliumbromide (Sigma), #* ]
= d(T) 75 1 ~—(oligo &(T) primer, pd(T)-1s) (Pharmacia,
Uppsala, A=—Fv), 7Y AEEY A VAV AA—-R}F VA
7 ) 7 % —+ (Rous associated virus reverse transcriptase) (%
Wirs, B#), Thermus aquaticus DNA # Y 2 5 —+ (Ampli
Taq Thermus aquaticus DNA polymerase) (Perkin-Elmer
Cetus, Emeryville, *E), 7 # = — A (agarose) (H14
TAKARA, £ %), =F F v 4 7 m <4 F (ethidium
bromide) (Pharmacia), ¥ %# & LA k=1 (dithiothleitol) (Fn

YefiER), 7 r e — N F 4+ v F L (propylthiouracil, PTU)
(Sigma), L-+4 = % v (L-thyroxine, L-T4) (Sigma), &7 %
2 cAMP (dibutyl cAMP, (Bu).cAMP) (E{b# T3, HR),
& 5 — & (catalase) (Sigma), 7 %% # V' v (dexamethasone)
(Sigma), 4 v F 2 %+ v (indomethacin) (Sigma)

2. VA4 AV

v b ¥ 2 B TNF-a (recombinant tumor necrosis
factor-a, rTNF-a) (4.8x10"U/mg) 124 v + ) —#R &4 (K
) b, b A% A IL-18 (recombinant interleukin-15,
fAL-18) 2% 10U/mg) B ABHERRA & (HE), FHEBE
4+, b b &z B IL-6 (recombinant interleukin-6,
rIL-6) (5% 10U/ mg) 1T KR KZERRH A4+ 25 4 I HEH
Pwy 2 —, FHEXELIOHEEShLLDE AV,

3. &R

National Institute of Health (Bethesda, #E) ® Kohn 4
IotsEEhis .y P BEREREFRIEMR TS S FRTLS
FF 7o, 56T TI0SHEME L TIEIL L 5% 4+ ENnEE
21~ A F-12 #:%¥% (Ham F-12 medium) (Gibeo) &, 10ug/
ml vy 4 vAYY, l0ng/ml 7Y > -L-e AF DALV ¥
VEEER, 10nM ~A Fransyy, Spg/ml et THR-}T
vAZ Vv, 0pg/ml VI FREFUEMLIZS RAVEVE
4 (5-hormone-containing, 5H) ¥ 2 ¥ 7213 5H HE K
1mU/ml ® v & TSH %% 7 6 =% v&%F (6-hormone-
containing, 6H) & a AL, 10084/ ml =V v G (B
BE HE) BIO 0pg/ml ¥R Av v (V)Y ITT
v, KB ML, MEIR3TC, COBE 5% D&HT,
6H srfmhcir® L, A%, MRy 7y v ARk
2 —,L&—#1 v & —(coulter counter, Coulter Electronics,
Hialeah, XE) ¥AWCFHAIL7Z.

1.5 &

1. FRTL-5 Affax A T3 v BB E Licka - VRIGD
HE

FRTLS Miax bV > v EE, AR L - b
(Coster, Cambridge, #f#)iZ FRTL-5#fa% 1 7 = (well)
Foh Ix108@ET > 6H B h ThBR L, BEIEL L o L
T ATERICE L. ¥, TSHIREER TIZHBEREL e-
724 SH BEEWICR X, S 5HIC 8 AMEBEBRRBICH .

k%, 05uM T3 & b L — = —(tracer) & ®LrT3 i
400yl @ 5H B E 7003 6H K T, 37C, CO. R
5% D&M TFICKEL, BHEETEIC LE 1000 2 RR.
100ul @ 2% &MmE T V7 2 v, 800ul DV 7 = a A R
3000/ 451040 fE L L, Lk gy =, 2 A S0W-X2 # 5 &
(RET{E2 T8, B8 © 1'% ®&. 2ml © 10% BB 1 2%
HMLpEInz B 2y =8 r-n v v & —(well type
y-counter) THIE L7z,

2. EEEFHO cAMP ORIE

FRTL-5 #ifad> cAMP BHEIBUETH A b a1 v ORE:
BT HDEERS,D cAMP BEZNE L. 10ng/ml
TNF-¢, Ing/ml @ IL-13 %7243 IL-6 &t 5H ¥ 7242 6H b1
#Hy L ASRERERE, 05mM 34 V T F LA FARY VT

recombinant interleukin-6 : rTNF-a, recombinant tumor necrosis factor-a; RT-PCR, reverse transcriptase-pol-
ymerase chain reaction; rT3, reverse triiodothyronine; tDNA, template DNA; TNF-a, tumor necrosis
factor-a; TSH, thyroid stimulating hormone ; T3, triiodothyronine ; T4, thyroxine
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Table 1. Oligonucleotide primers for amplification of the type I 1-5-D

Sequence Location Orientation
5 TGTCCCAGCTATGGCTGTGG 3' 14—33 Sense
5" ACTGAGGCATGTGTCCAGGT 3 756 —775 Antisense

All primer sequences are presented in the sense orientation.
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Fig.1 Time course of the deiodination from reverse
triiodothyronine (rT3) in live FRTL-5 cells cultured in 5H
medium (5-hormone-containing medium, @) or 6H medium
{6-hormonecontaining medium, 5H medium plus 1 mU/ml
of TSH, ). Points are the mean%SD of triplicate
determinations. Results are expressed as liberated I~ from
rT3 per 1X10° cells. Cells in 5H medium were cultured
without TSH for 8 days before assayed.

VEERYA b4 vESLERITSES, FiEie 5H %40
VROGH SERBCRE L, X D4R B 100 % iR LEE
HEBEC L HPES » + (RPN225 cyclic AMP EIA, kit,
Amersham Japan) 12 & Dl Lic. 3B8BA TR £ M BET
FUB)CAFNFT VS —=N25-CT 22— F TP AT
RYd FIZXZREEY WTEN L, cAMP £ pmol/
IX10° 0k - 2dhr THEH L 1=,

3. RT-PCR I X % I-5-D mRNA OB

FRTL-5 #fav: 6H S#u- vz L, 1 x 10 EOMA 5
M L2 RNA 49 = dT) 73 4 < —160ng ¥ &1
50u ORISR L. 65CTISHRIBIAE L, 7 v <55
VAMAY R—=RA P FYRIY TR~ B Mo EL BT 1
BIRIE. 50ul DREMA L7 725 v 2 A G-50 Iml % T L1x
ARV 7T 4 (spun column) W HE F 15008 5 9 EhiEL L, 4
bhl-B® D 5% % PCR 0 DNA (template DNA,
tDNA) & LTV, tDNA # % L IKRT5 » b [-5-D iniR
W77 5 4 = —x* T Thermus aquaticus DNA RV 2 5 —#
%R\ DNA % — =44 27 5 —(DNA thermal cycler) (£
&) THIE L. 1-PCR %4 7 4% 94C 60§, 60C 1208,

Table2. The effects of propylthiouracil (PTU) and
thyroxine (T4) on the release of I~ from reverse
triiodothyronine (rT3) in live FRTL-5 cells

Release of 1~ (pmol/1x10° cells-24hr)
(mean=£SD, n=3)

Drug
5H medium® 6H medium®
Control 41.2+2.8 143.5+4.39
PTU Conc.® (mM)
0.001 - 12.01.9%** 33.8£2.9***
0.01 11.0£0.1%** 34.6£0.9%+
0.1 13.02. 1*** 26.02.0%**
T4 Conc. (uM)
5 33.311.8** 133.5&1.7*
50 13.242. 4%** 82.647, 2%**

a) 5H medium (5-hormone-containing medium) contains
10 pg/ml insulin, 10 ng/ml glycyl-L-histidyl-L-lysine
acetate, 10 nM hydrocortisone, 5 ug/ml transferrin and
10 ng/ml somatostatin.

b) 6H medium (6-hormone-containing medium) indicates
5H medium with 1 mU/ml bovine thyroid stimulating
hormone (TSH).

¢) Conc., concentration.

*P<0.05, **p<0.02, ***p<0.001 compared with control

72°C 180% & L, KEBATIZ2G, 28R UBIH 1 7 L HEIE LT
FHE L7z, B#& PCR 44 2 A CT2C 105 RIEERIGE, RIE
EYr 15% 7H e -2 XL CBEABL=FF o a7 r <
FCRHRIL L. WEEREL LT~ %2 —7 25 v (B-actin) @
mRNA %, Bactin BEH 751~ - A CREEK
RT-PCR & TFRffi L 72. 1-PCR 4 7 4 1394T 908, 55C
0%, 72C 1200 & L.

4. HEEERIRRE

ETOERIT | BEBIZ-D& 3[E (triplicate) WE L, BHh 7
BRI B + BEHEMR 2 (standard deviation, SD) I T2 L
7o, PHEOREIITL BEM O LB T2 1 TR B &5 85
Sheffé DL EIEMELY, * 72 2 BEMIO H#E T2 Student t 8
BRI, BRR 5% b - THEEESH D LEEL .

I3 #

L. FRTL-5 MO I — FEH OB

K 1 FRTL-5 A£MIfC X 5 T3 O = — ¥ KIS0
Elbe R, Bz I ERRGREE I 20 CHEN
I LTz, W 2 LT D RER C L2485 0 RUGREFI & 525 L
7o, CHISBRW ClME= — FBIZSH 02 h o 32T TSH R
THERLE. BMBOKRE SR~ (homogenate) RoRHRINE B
WD 5D ERBMERCE VB FFRA LS b =2
0.25mM LA ECHifndt 2 RE Lic e U T OSEEBR TIER L
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Febsoto. F2WRT X 51 FRTL-5 &Ml = — FRIGE
0.00lmM FEE—AFF T Il k hERIZ, ¥ L-T4iIC

X

FRTL-5 4£#ilic X 5 T3 Oz — FRIGIZFRE I &

DEEKERCRE - VRIEZMSI Lz, DEDORKRID

FDcksbnEELLRK.

% vs control of I"'released

Fi

% vs control of I"released
from rT3/well

A
120— . o8N

kel

()

4 100 oz R e

U

ko

a3

L 8or

w N

5E

OE 60F

28

O W

v 40f

>

s U ,
10pg/mi 100pg/m! Ing/ml 10ng/mi
B

1201

100

80

60

40

77

20 - ¥ a “ S
10pg/ml 100pg/ml 1ng/ml 10ng/ml
C
1201
3
2
<
&
| ™
g
o)
&
10pg/ml 100pg/ml ing/ml 10ng/ml
Concentration of cytokine
g.2 The effects of tumor necrosis factor-a (TNF-a),

interlenkin-18 (IL-18) and interleukin-6 (IL-6) on [-5'-D
activity in live FRTL-5 cells cultured in 5H medium. Cells
were cultured without thyroid stimulating hormone (TSH)
for 8 days before assayed. The I-5-D assay was perform-
ed for 0—24 hr (A), 48—72 hr (B) and 144—168 hr (C)
after the addition of cytokines (10 pg/mi—10 ng/mi).
Each column represents the mean®SD of triplicate
determinations. Results are expressed as the percentage
of liberated I” per well in comparison with control (cultured
without cytokines). W, TNF-a; %, IL-18; B IL-6. =*
p<0.05, **p<0.025, ***xp<0.0l. Symbol in the column
means. comparison with control, and on the bar means
comparison between each column.
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1. FRTL-5 £MMRO 1-5-D FHEICHTSH4 +hA 0
(2]
A kA4 v FRTLS AAffgo 15D i Rus 3 %

FRINEREA, S BT TR T 572, 1 oA VAR
0 —24B5[E, 48—T2REREI R L U144 — 168BERIIC B VT 15D

7 v A (assay) HfTigo7z.

TD, BEPZETZALD

MERCELLR R CAELE RN TS, 10ng/ml ©
TNF-a, IL-18 38 X 0" IL-6 © AT #2405, 72833 X OV1688F

Bliz, a—Ax—hwva—%A THRELHRILE.

i)

BIRER L R A Ly, v A VAR LY
I T, LToXER

FAMBOMCEREERRbN I 7.

% vs control of I'released

% vs control of ["released

Fig.3

9% vs control of I"released
from rT3/well

from rT3/well

10pg/ml 100pg/ml ing/ml

from rT3/well

10pg/ml 100pg/ml

roiza %/:
100pg/ml

10pg/ml

Concentration of cytokine

The effects of TNF-e, IL-18 and IL-6 on I[-5-D
activity in live FRTL-5 cells cultured in 6H medium. A,
0-24 hr; B, 48-72 hr; C, 144-168 hr incubation after the
addition of cytokines. B, TNF-a; %, IL-18; #& IL-6.
The procedure for experiments and statistical analysis, and
the mean of the symbols were the same employed in the
5H medium-assay.
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TREVZAHEIEDD T3 NHDla— FEXNBR (1 b2
1 UVHEM OXhERE L, BaRTERE L. $2, 41 ¢
A vORFREIZEHFR 10pg/ml 2% 10ng/ml & L,
SH BIU 6H OomEERECEA LA 15D EHOHE®FT
ot

K 21 5H 2#v, X3 6H BB OMELRT. 5H 5%
¥ Ci% 100pg/ml [L-18 8 L UV IL-6 D ETHHKAS— T8 DT o
AT, HELBE - FESOHARINE LN, LrL, 0—
T2RERE, 144—168BEREID T » v A WWHELSE(LIZE S ich »
7. 0 —24RfEID 7 » &4 T, 1ng/ml LLE®D IL-18, 10ng/
ml ® TNF-¢ 3 LU IL-6 BT, 5D ERoEERET
ITIERABE DR 20% TH 7. 48— T8/, 144— 168KERID
7oA T, BREDCILISBLIVIL BV TEEKREY
O 15D HEBRERA R 5h7. £/, 10ng/ml @ IL-15, IL-6
Tk, HIEIZh R IR R M 585 U o, TNF-a O E 10 4%
R Ing/ml THHTROAAH, Fhid IL-18 IL-6 1 k<
BEICHED -1,

6H s&WE T SH BEBE L ERABORENE DA, +
1AL VEREO —2UBEO 7 v £ 1 TiZ 100pg/ml LD
IL-18, IL-6 T 20% @ I-5'-D FMOMEIN R S h B EKEE
Wichs o7z, A8—T2RERE, 144— 168BERAD 7 » £ 4 TIL IL-14,
IL-6 OMFIBRIIEMB L OCARERELETH-. FLT
IL-18 OfFI ML IL6 X b BB HEAr -7, TNF-a O
I-5-D {EHEMHIZ R 10ng/m! TEHDTROAE. LALED
hEI3 IL-18, IL-6 W B ST §Eh - 1.

110

100

X}
o

from rT3
oo
o

70

% vs control of I'released

60

S 0 1 1 1 1 1 1 1 ]
0O 1 2 3 4 5 6 7

Day after removing cytokine

Fig.4 Time course of recovery of I-5-D activity after
removal of cytokine. FRTL-5 cells were incubated in 6H
medium with 20 ng/ml of TNF-a (), 2 ng/ml of IL-13
() or IL-6 (@), or without cytokine for 168 hr. After
144-168 hr (day 0) assay of I-5"-D, cytokine was removed.
I-5"-D assay for 24-48 (day 2), 48-72 (day 3), 72-96 (day 4)
and 120-144 hr (day 6) after removing cytokine were
performed. Results are expressed as the percentage of
liberated I~ per well in comparison with control (cultured

without cytokines). Points are the mean+SD of triplicate -

determinations.: *p<0.01, **p<0.001 compared to control
(cultured without -cytokines).

0. #4 +74 BrE#D FRTL-5 &5 I-5'-D E o[
=®
Bizs4 rh14 vBREED 15D EROELy Rt
FRTL-5 ##22 20ng/ml TNF-a, 10ng/m! IL-18 # =13 IL-§
ZED 6H BBETEREL, v1 FH 1 VIHRME144— 16885
DI5D 7y (day 0) 24T7c > ot 1 + H A v afrk,
Br&M24— 4885 (day 2), 48—T728R] (day 3), 72— 96RERY
(day 3), 120— 144551 (day 6) W7 v &4 21T/ » 72,
TNF-a 12 & 5% 20% @ 1-5'-D M 0 day 2 12124 L
Tz, IL-1B 12X B8 50% B LU IL6 X 58 30% o
[-5-D EHEOCMEIIK 10% OMEIE s ¥ TEBWIZHEL L
fz. LT, IL-6 DMFIHRIR day 3, IL-18 DFhRiL day 6
TIXEA L.
V. cAMP (& YBEI N/ I-5-D FHICRIFTHS b A
L OEE
FRTL-5 #Mike# 5H ## < 8 AMEEHL, 05mM 0
(Bu),cAMP % hnx & HIC 538 Lic. [-5°-D S IR 88 n
L8 Az — 7 GHIERKEROH]L.6E) KE L. X
T, (Bu)cAMP ¥in 8 HHIZEERABASE L7z, [-5°D 7 » & 4
1%, 10ng/ml ® TNF-q, Ing/ml @ IL-18 %7zt IL-6 ® 5H
BREA~ ORI, 0 —2485[, 48— 728 R 0% 144 — 168857
2Tt stc, RSICHREETRT. ZALDY A + A4 vid
(Bu}cAMP X hEFEI W/ 15D ErABHE Lz, +
DEEL 6H BRW TR 517 15D HEDR (K 3) Li131FR
BRTH-7z.
V. %4 bHA4 >0 1-5-D HIHRICHT B EELEER
EROZE
HO.® O 72 EOFEM(LMARBEFTHA X 5 —EERHL,
FA raA D LD HEISHREBR I EAEMRE L.
11-100pg/ml D H %2 3 —+ £ 10ng/ml ® TNF-a, Ing/ml ®

120+ .
o
L]
_g 100
=3
=z

N
°% 8o
kW
2g
e
2% 60
>
N

40 0-24 hr 48-72 hr

144-168 hr
Incubation time after the addition of cytokine

Fig.5 The effects of TNF-a (10 ng/ml), IL-18 (1 ng/ml)
and IL-6 (1 ng/ml) on cAMP induced I-5-D activity.
After cultured in 5H medium for 8 days, 0.5 mM (Bu)c-
AMP was added to the 5H medium. After 8 days’ culture
in 5H medium with (Bu).cAMP, [-5°-D assay for 0-24, 48-72
and 144-168 hr after the addition of cytokines was
performed. Each column represents the mean+SD of
triplicate determinations. Results are expressed as the
percentage of liberated I~ per well in comparison with
control (cultured without cytokines). [, TNF-2; &
IL-18; B, IL-6. *p<0.01. Symbol in the column means
comparison with control, and on the bar means comparison
between each column.
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ZXnih ot

V. ¥4 FHA 2@ 1-5-D FZHRICHTD T+ AT+ U

N—+t A2 REEFIOXE

T4 AT 4 VA= A2 RV A + A VD [5-D HEHR
DREBCEEINIMEN LRI TENDT 2 A7 5V —F
A2 EFTH BT F Y 2%V vk 4-400ng/ml FRTH A 2
o+ % v # o —+ (cyclooxygenase) [HEFI CTHHA v F 2 &>
v % 5-40uM, 10ng/ml ® TNF-a, Ing/ml @ IL-18 ¥ 7z ik
IL-6 %#4%; 6H B3 T FRTL-5 2853 L, $EMBHe—
TR T v A BT o, RTEEZOREERRT. 7Y
AV vEAL VARV VIIERES, 5D EERERICHE
MR A A VIC L AIEBIHELZ T -7z,

VI. ¥4 FH4H FRTL-5 @ cAMP E4EECRETHE

cAMP EEDOT{EBRH A + A VOHRERRCEETAS
DENEEET B, BEEHO cAMP BEXRlEL:. &
31ET L 51, TNF-, IL-18, IL-6 #tiz 5H $##¥ (TSH 3
KM TD cAMP E4£BIEELRE L S ehr oo, L
p L, 6H B2 (TSH REH) T, WTFhov4 a4 v
FRTL-5 fila> cAMP EAEBXFRWRY €.

VI. FRTL-5 #8380 1-5'-D mRNA B (CRIETHA +HA

CORE
FRTL-5 #BH9i3 6H #%mTH%E L, 10ng/ml @ TNF-a,
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Fig.6 The effects of catalase (scavenger of active oxygen
species) on the inhibitory effect of cytokines on I-5'-D
activity in 6H medium. [-5'-D assay in 6H medium for
48-72 hr after the addition of 10 ng/ml of TNF-a (O) or 1
ng/ml of IL-18 ({0) or IL-6 (@), and 11-100 ug/ml catalase
was performed. #p<0.02, $#p<0.01, ###p<0.001 compa-
red to control 0 (cultured without cytokines and catalase).
*p<0.05, **xp<0.01l, ***p<0.001 compared to control
(cultured without cytokines E1). Results are expressed as
the percentage of liberated I” per well in comparison with
control 0. Points are the mean+SD of triplicate determi-
nations.
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Fig.7 The effects of dexamethasone (a phspholipase A,
inhibitor, 4-400 ng/ml, A) and indomethacin (a cyclooxyg-
enase inhibitor, 2-50 M, B) on the inhibitory effect of
cytokines on I-5"-D activity in 6H medium. [-5'-D assay in
6H medium for 48-72 hr after the addition of 10 ng/ml! of
TNF-2 (O) or 1 ng/ml of IL-18 (CJ) or IL-6 (@) and
dexamathasone or indomethacin was performed. Results
are expressed as the percentage of liberated I” per well in
comparison with control 0 (cultured without cytokines and
Phospholipase Arpathway inhibitor). #p<0.025, #£p<0.01
compared to control 0. #*p<(0.05, **p<0.01, *x*p<0.001
compared to control (cultured without cytokines E3).
Points are the meantSD of triplicate determinations.

Table 3. The effects of tumor necrosis factor-a
(TNF-a), interleukin-18 (IL-18) and interleukin-6 (IL-8)
on cAMP production of FRTL-5 cells

¢AMP (pmol/1X10° cells-24h)

Cytokine (mean=+SD, n=3)
5H medium 6H medium
Control 2.57%£0.36 9.43+0.40
TNF-a (lOng/mI) 2.54%0.26 7.29£1.01*
IL-18 (Ing/ml) 2.69£0.23 7.92+0.58*
IL-6  (Ing/ml) 2.41+0.21 7.47£0.72*

*p<0.03 vs Control
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Fig.8 The effects of cytokines on [-5-D mRNA expression
in FRTL-5 cells. Cells were cultured in 6H medium and
samples were obtained at 12 hr after the addition of 10
ng/ml TNF-q, IL-18 or IL-6. Twenty-five, 28 and 31 cycle
RT-PCR of I-5'-D and B-actin mRNA were performed.
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I-5-D mRNA OFEBEEZMHF LAy, TNF-a L2 b r— L[
D 15D mRNA BRICREBEIRb Ak o, 5D
mRNA DORFEHAFIZH R 15D FHoMER R & A,
IL-6 12~ IL-18 Tk hd o7z,

% ®

AR TIZ FRTL-S M2 Bz 1T3 b olis — FR
A, PTU R L D EHI 72 T4IZ X W ARRERCIS X h
B, Bia— FEES TSH KERTHS, 5L TIORES
PICFREO [ B 5D @ LRABOESPEOZ L2RL
FoRRMY = 5 OFFRVL FRTL-5 A#MIfa % v 7o s — F
FRICHFREO 1B 15D B2 BSRMTHZ &R L, M
FRlE ey ClE2s D & £ £ % — b (homogenate) % A\ 7o HISE X
h, SHVAEBRNICRET CORRIR IR 5D Ekrfcs
DEFATHDI LERETH. Tz, RETIEATHED
[-5-D FHICH T2 EENSRL FFCHECTMT X 558
TR,

BFEETYAL b v ERRBH = — FiERcBT o @1
o, KFRIIMDTHERE I5-DIEMICE LA YA L1 v
DEENLEECOWTRLE. RINMERE CEENCRE SR
SR (100pg/ml) @ IL-18, IL-6" 12 TSH k7, TSH JEtk
FHED 5D ER BRI LE DMk IL-18 T & HE8
THote. TNF-a 13EEE (10ng/ml) T [-5-D ER DM
FlARLIDBRTH 5Tz, LKL, [-5-D D mRNA ©
REMN LB, IL-6IC & W EHHHE S A, 15-D FEit - @
FTONML IL-18 TRLBMCZEERFRLE. ZALDHA + A
A VI FRBEBICRIE L T B B & L O R R S
DLW RD T & B DA R 4 0 Bk IR
BB TEOREES LT WA WHENSED, ¥4 bd (v
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0 [-5-D MBI RN Z S DEE TR S 2 FIRB SO
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bpEHEa v b r - OE — PR LA CEETS Z &
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RIZ, A bHA VL BFRIGE 15D EREMEIO 2 5 =%
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RETHH, TNF-q, IL-18, IL-6 £ TSH IR X bz
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Abstract

Cultured FRTL-5 rat functioning thyroid cell line was used to study the effects of cytokines, such as interleukin-1 3 (IL-
18), interleukin-6 (IL-6) and tumor necrosis factor- a (TNF- « ) on the thyroidal type I iodothyronine 5'-deiodinase (I-5'-D)
activity and the mode of action. FRTL-5 cells were incubated with medium containing 0.5 M 1T3 with a tracer amount of
T3, After 24 hr incubation, released 1™ in the medium was separated by Dowex 50W-X2 column and radioactivity was
counted, Deiodination activity in live FRTL-5 cells was enhanced about 3 times from basal level by the addition of TSH,
which was inhibited markedly by propylthiouracil and dose-dependently by T4. These findings strongly suggest that deiodi-
nation in live FRTL-5 cells has properties similar to those of thyroidal type I I-5'-D and that FRTL-5 cells are a more suitable
model for the assay of thyroidal I-5'-D activity than generally used homogenated thyroid tissue or sonicated FRTL-5 cells.
Basal and TSH-induced I-5-D activities were significantly inhibited by 100 pg/ml of IL-18 and IL-6, while the inhibitory
effect of TNF- « was only seen at 10 ng/ml. The inhibition by IL-14 and IL-6 was constantly observed irrespective of the
time course of cell proliferation. These effects were not due to cytotoxicity of the cytokines, since the cells recovered I-5'-D
activity by removal of the cytokines from the incubation medium. In addition, these cytokines significantly suppressed TSH-
induced cAMP production, and (Bu),cAMP induced I-5'-D activity was also inhibited by the cytokines. Catalase (scavenger
of active oxygen species), dexamethasone (2 phospholipase A, inhibitor) and indomethacin (a cyclooxygenase inhibitor) did
not abolish the inhibitory effects of cytokines. Reverse transcriptase-polymerase chain reaction revealed a marked suppres-
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sion of I-5'-D mRNA expression by IL-1 5 and 6. From these findings, we conclude that these cytokines inhibit the thyroidal
type 1 I-5'-D activity in order of potency, IL-18 >IL-63>TNF- a , probably by way of suppression of induction of I-5'-D
mRNA. The site of inhibition of these cytokines may be distal to TSH-mediated cAMP production, and the inhibitory effects
of cytokines may also be exhibited by decreasing the TSH-induced generation of cAMP. The inhibitory effect of cytokines
on thyroidal type I I-5-D activity may not be associated with phospholipase A,-pathway or production of active oxygen
species.




