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Abstract — The activity of taurine transporter is affected by various extracellular stimuli such as ion, hormone
and stress. To assess effects of steroid hormones and cyclosporin A (CsA) on the taurine transporter activity,
murine monocytic RAW264.7 cell line was stimulated with dexamethasone (DM), triamcinolone (TA), corti-
sone (CS), hydrocortisone (HCS), prednisone (PSN), prednisolone (PSL) and methylprednisolone (MPSL) in
the presence of 12-O-tetradecanoylphorbol-13-acetate (TPA). Treatment of TPA on the cell line led to signif-
icant reduction of taurine transporter activity. However, in case of stimulation of the cells with steroid hor-
mones in the presence of TPA, all of them recovered TPA-induced reduction of the taurine transporter activity.
Treatment of the cells with CsA led to significant reduction of the taurine transporter activity. lonomycin (IM)
recovered the reduced taurine transporter activity by CsA, but failed in the presence of EDTA, a calcium
chelating agent. These results showed that glucocorticoid hormone recovered TPA-induced reduction of tau-
rine transporter activity and that IM recovered CsA-induced reduction of the transporter activity by increasing

intracellular free Ca™ concentration.
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YES oM F2HF eFpASEAY AR 621709
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BRI AR 1993 FHAHAA ZA A EE]=9]
|, 619719 olm|mAbg 73l whad-g AAdAFH, A4t
Ake] Mzleke. 696 kDaolth. o] $5= /) i P E2
e 9} ofm| Al MPe] wi-§- FAkEt(Thiang et
al., 1993). A}=2] enilell A 24 eledledAe] 4
A= 3 GAAL] p25 F2el APy (Ramamoorthy
et al., 1994) A2 Aps] Y A Fell = el-9-l A 7
EA)51=] o] Ao GABA Hris elgaie] fb
7L R 37] dEe] o FelM "R sl Bl
olHog o] FAZ 4 gJvk(Leibach er al, 1993). 2]
2 AFT L AL Bl AWE o)Fshed 3%
o] Aol M= Bl Fr) Al elEIA] o] WE
o] alofol= Ale| 2 elv3l-E vieF AdF 3] okl

R R eEAE AR EERS] e A9} ofu|eAl
2] Mgal gR)sie Hio] @x|vt U3 HL- o}, &,
B2 45 B-alanined>4A) 9 ©h2n], GABAT-54| <}
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(Ramamoorthy et al., 1992). =3t Alhe] o] E3¢]
HT-294 254 PMAE BFPR5541¢] 7]1%-S JAAF
o] RuE i} o]gldlt A Ex= PKCHAAZ deizl
staurosporinee]] 2]&}le) AdEw TiARFA QA A <l
cycloheximide, actinomycin D, colchicine, cytochalasin D
ol s e38kE Hx) g=vh(Brandsch et al., 1993).
bRl Al 7} elpbA 2} W2 AP veRiE =
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Dexamethasone> S5 el o] 84S 3 EA]7]
G ARE B AR 2 olm] Bast vt lvhKim F
1995), B Ao 4= dexamethasone ©]9}2] 2} steroid 3
EFe] e R1pEAY] 715 wHe g FESlE e,
HgAA| el cyclosporin A9 ionomycin®] B ez 2]
ol w3 oGS BTN Latahaal ek
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Mz=ZSF 2 Alof

ahg A ALY E ST EFe] RAW264.7S American
Type Culture Collection(Rockville, USA)2 2 HE T+
sled  AlL8lg vl Dulbecco's modified Eagle's medivm
(ODMEM) v 2} fetal calf serum(FCS)ye Gibco-BRL (Grand
Island, NY, USA)| A F&tgden, [2-3H(N)]-taurine
(21.9 Ci/mmoly> NEN(Bostone, MA, USAyIA 73513
v} 12-O-tetradecanoylphorbol 13-acetate(TPA), dexame-
thasone(Dex), cortisone(CS), hydrocortisone(HCS), predni-
sone(PSN), prednisolone(PSL), methylprednisolone (MPSL),
triamcinolone(TA), EDTA, NaOH, ionomycin(IM), trypsin-
EDTA, HEPES, cyclosporin A(CsA) 52 Sigma A}
(St. Louis, MO, USAXIA] 743151+t

M= uHe¥

RAW264.7 A E8]%kE wiR|:= DMEM ==l 10% G
2] fetal calf serum(FCS), 100 U/ml penicillin, 100 pg/ml
streptomycins H7}8le] 0.22 um membrane filter®. 7}
F Abgsldh. FCSE heat inactivationA]7])7] $lsiM=
FCSZ AgolA <l & 56°C water bathellA] 3087k 7}
g3t AT HAAE-S B o] e
2 ke F 50 ml 9AEE] AlgEe] 50ml A 55k -
20°Cel] 3% BstHA B84 ARt RAW264.7 Al
F3 ek T-25 culture flaskellA] 5 mi ©]3}2] iAol A
23519301 culture flaskel] F2E o] Apel= AAle] gle.
B, vege] 27t E.8 39dl= AF 9em®] HEa
& dishellA wiekalde). FEA 2] ok 9 cm®] dish
o] 0.5%X106 MEL} wiA] 10 miE- ZFsle] wioksldnt. HE
£ 353 wl= FCSe] 754 &2 5 ml%] DMEM +j
Aol 0.5ml®) trypsin-EDTA(100X )YE 7}aled 37°CellA] 5
EZF whEA o zg Babd METE BEAlA ddMEE
= F uypsing £8437)7] #sle] 10% FCSe] 3
€ DMEM ¥i#] 10 mtZ Z}51a ek 1000 rpmellA] €4l
28] (23])8le] M ZE AF A Aol M-Sl e 2
o] wEtME= HES PERJZAZT. M EE= 37°C, 5%
CO, k1o A ulfslsiet.
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BRI EA S R AET] e AFS A
gt e AE Natel Cl- 2]E4¢] gleuzE,
Na*@href 2| e} Na| A8 ASsle] sbpe] A Ed
2 olggt AL vlage2A FAsEE Natg-iiAl=
25 mM HEPES/Tnis(pH 7.5), 140mM Na(Cl, 54mM KCI,
1.8mM CaCl,, 0.8 mM MgSO,, 5mM D-glucose®
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Fretil gle AE ARE, Na®#49AE 25 mM
HEPES/Tris(pH 7.5), 54mM KCl, 1.8mM CaCl,, 0.8
mM MgSO,, 5mM D-gluicose, 140mM sucroseZ &
B2 Sl3= buffers AHESI-

Monolayer® AAZx]7] Al Ee] *H-tauwrined 7184 37°C
A 3027k wioksle] MFHE *H-taurines} o] 53l=8
s, 308 Fofl ARSAS WE A DMEMS.E 23] A)%g
F MEE lysist]A AET S H-taurined- B-scintillation
counter(Hewlett-Packard, 2500TR, USAYE. Adaksleict. A

F lysisA 7l W 001 mM NaOH®} 1 mM EDTA
Z 7Isleq BefAlZlc). Scintillation cocktail 54 (58-43)
2miel 1 mie] ME L89-E Jhsle] 2 ML F B-counter
4 vialel] Wl 387} B-counts A8l 1A AlE
F VIS AMgsle] 24T B Aok

Z4E AHEOIE S22 HAXH e sk

Protein kinase C(PKC)= A|Zela] AlzHdge)] F8%
7P WA glet. PRCE 242071 o84l TPAY)
g 2ol = 2R el tpRAlS] 75 vlAle
d3FE ZE7] $laled RAW264.7 MEZ 96 well plate
o] 1X10° cells/welld] X% 7}t Fof 10 ng/mi¢] TPA
E2atoll  100nM2]  dexamethasone(Dex), cortisone(CS),
hydrocortisone(HCS), prednisone(PSN), prednisolone(PSL),
methylprednisolone(MPSL), triamcinolone(TA) 5% 7}&}
of 3087 RRAZC 2 F b well 3 1 pci®] CH-
tanrines 7}¥led 30%, S¥, 3087 wjokst Fo} YL
W s Al Namlghaeln2 38 Mg $o] Ax
239 & 7leld MEYE 49 B9E Bcounter® &
Astgiet.

B Al CsAr A3 AdAlz de] a5 v}
7k slet. webd Csart elpRigdae] Ao vlAlE o
g B Aaled 1X10° cells/well®] F%2 96-well
plated]] RAW264.7 MEFE 718 Fof 242417F B4}
DMEM =] 2. sjeksloict. Narg-raR) 2 2gshe] 20%
7k SPAEAE] Fell 5, 50, 500 M9 CsAE 7} 7)sted
3087 vheAlAY 2 F 2 welle] 1 pCi¢l *H-taurine®
7kt 3022F WAL Tl B R AR B B-
counter®. A slct. Bhe-RpAle] Ego] Car) Hed
s=A% d7sb] sk 500 ng/mie] M 0.8 uMe)
EDTAS AHalel e Afapd - 71y Agagyge] #3)
At
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Fig. 1. Effect of TPA and glucocorticoids on taurine transporter
activity. RAW264.7 cells (1% 10° cells/well) were maintained in
DMEM and replaced with Na'-containing buffer and stabilized
for 20 min. Then stimulated with each stimulator for 30 min.
And added 1 uCi *H-taurine for 0.5,5 and 30 min. Final
concenirations of each stimulator was as follows: TPA (10 ng/
ml), all ghscacorticoids (100 aM). TPA: 12-O-tetradecanoylphorbol-
13-acetate; Dex: dexamethasone; CS: cortisone; HCS: hydrocor-
tisone; PSN: prednisone; PSL: prednisolone; MPSL: me-
thylpredunisolone; TA: triamcinolone.

of ehfRgde] 342 sl YEFIME 058
# 5EFo= 22 29,5065 33,227 cpm OB €F9R]
Feo] oFslyl ont, 308 Foll= 200475 cpmeE. FA <]
A Zr7kstgdel «d7]el protein kinase C&l AFAgl
TPAO nghn)E 7HH2S e 308 Fol Hzze)
7.2%2 A3REgIeh. TPAS] EAl5lel glucacorticoid & 2E
< 1000Me] FE2 VRG-S W H9RiaegA) g4
prednisoloned] 213}ed 308-F<] ARTY g7z 7Wt 7Fst
A FEHg 2w, dexamethasones]] &A% o F: 72
82% 7FA) EHI}. 23} wiamcinoloneo]] LM 30
FFo 2] 59% 7HA] HEF ] g ot FAE
e sdeh(Fig. 1).

Cyclosporin A%} ionomycin®| A&k

Csat 738 ARz A2 Aeags sl
= FEolnh RAW264.7 A FEA ) 27e] el
2] A2 416,576+ 65 cpmg] Blwel, CsAE 5, S0, 500
ME 3027 AIEIE o elRISeEAe] 84 4
153,108+ 1,959, 161,556+2,266, 156,483%7,897 cpme]4l
=k w5 aMe] Csadl ez wlegladale] g4
2 #Fd2 A=Yk (Table 1). CsA] HejA|7)e] eh9-1d
Eale] e mAE AgS JTslr] sl
RAW?264.7 AES Na 3=l 5 nMe] CsAE 71a}
oy 5,30, 60, 30087 WEAIRE o dzwe] slpedad
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Table 1. Effect of cyclosporin A on taurine transporter activity

3H-taurine transported

Concentration % of control
(cpm)
PBS 416,576 = 65 100.0
5nM CsA 153,108 + 1,959 36.8
50 oM CsA 161,556 £ 2,266 38.8
500 nM CsA 156,483 £ 7,897 37.6

Cells (1 X 10° cells/well) were maintained in DMEM and replaced
with Na*-containing buffer and stabilized for 20 min. Then
stimulated with each concentration of CsA for 30 min. And
added *H-taurine for 30 min. After washing, cells were lyzed
with NaOH-SDS for 30 min. The lysate was countered by liquid
scintillation counter (LSC).

A2l AL 4210021401 cpmel HbHo] 5E Foj=
29,406+ 443 cpmO 2 2 F2] 7%E AIEglew, 30
£ Folle 272 43%=. 3 E=gok(Table IN). whahr]
olf M E RAW264.7 A Ze)ME dddAA el
CsAdl| 2la)] 53 oujoll Al43] eh-alefAe] BAo] o
A=He], 2L o] Felle MAF] FEE= oz ey,

Ionomycin2} M=LY Ca™ =T2| Y&

Ab719) AlgelA] RAW264.7 A ZelX 5nMe] CsA
e edAY AL FdE AAge sl
RAW?264.7 H]Eoﬂ M-tawrined 78k EFR =9
%Wi A9 o dHESS 403, 609+2 074 cpm°1 13

mHoll CsA®] ZA)sle] TME 718 & 0.5, 5,308 3=
E]Ta +A|e] FAdo] ZH) 64,863+ 1,088(16%), 223,005+
622(55.3%), 294,113 264(72.9%)2 A|7ko] Zghel] uhe}

s B 43
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Table II. Effect of cyclosporin A stimulation time on taurine
transporter activity

CsA stimulation ~ *H-taurine transported

% of control

time (cpm)
PBS 421,002 £ 401 100.0
5 min 29406 £ 443 7.0
30 min 180,050 = 5,446 42.8
60 min 172,454 £ 6,839 41.0
300 min 149,672 & 7,738 35.6

Cells (1 X 105 cells/well) were maintained in DMEM and replaced
with Na* buffer and stabilized for 20 min. Then stimulated with
each concentration of 5 nM CsA for 5, 30, 60 and 300 min. And
added *H-taurine for 30 min. After washing, cells were lyzed with
NaOH-SDS for 30 min. The lysate was countered by LSC.

CsAd &3] A=Ay ¢+
Ble 3852 oH(Table II).

ol2{&t A= Ca™* ionoporeq] IMel| 9|5t #jA]5e

Catro] AEZ Fdsle) A Catel =) E7I5Re R
016}04 R ppAo] Aol SV AR A at
kA Ca* Z#o|EA|2e]l EDTA.8 uM)YZE 7}8lked Ca™9]
g Abdele A 33l RAW264.7 M| Ze] 5
nM®2] CsA2} 0.8 pMe] EDTA &48}e] IMe] T8
20, 200, 2,000 ng/mlE. F7WA]A B2l $5A)0) S =
A& Az} 2zt G222 12.0%, 13.7%, 14.9%24 e-42
TEAS] P 3R] FslEr(Table IV). ®WEHA CsA
ol 28l Asle -9 SEAlS] BAde] Ml s 3E
== 7)Ao e AEW Carel T2t T893 7%E w2
& 4 2l

AL FAel Mel £

Table IIL. Effects of ionomycin and cyclosporin A on taurine transporter activity

Stimulation Stimulation time (min) 3H-taurine transported (cpm) % of control
PBS 403.609 £ 2,074 100.0
5nM CsA 5 32,527 = 562 8.1
5 nM CsA + 500 ng/ml IM 0.5 64,863 + 1,088 16.0
5 nM CsA + 500 ng/ml IM 5 223,005 £ 662 55.3
5nM CsA + 500 ng/ml IM 30 294,113 = 264 72.9

Cells (1 X109 cells/well) were stimulated with each stimulator and added H-taurine for 30 min.

Table IV. Implication of [Ca**]i for the recovery of taurine transporter activity that was reduced by CsA

Stimulation transported (cpm) H-taurine % of control
PBS 137,761 £ 1,249 100.0
5 nM CsA + 0.8 uM EDTA 13,092 = 1,757 9.5
50M CsA + 0.8 uM EDTA+20 ng/ml IM 16,580 = 1,788 12.0
5 aM CsA + 0.8 uM EDTA+200 ng/ml IM 18,887 £ 2,342 13.7
5 nM CsA + 0.8 uM EDTA+2,000 ng/ml IM 20,469 = 5,799 14.9

RAW?264.7 cells (1 X 10° cells/well) were pretreated with EDTA, a Ca*™ chelator, to be Ca*™ free medium. Then was stimulated with

each stimulator for 5 min. And added *H-taurine for 30 min.
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HERZS] 9 2 7] 7lA A2 4 24
o 23 #AJele} & 4 glot. elg=el} BelulmAle]
AZ uptaked Behe BFEE pEAle] EXe oln] &
|4 L gene°] cloning® Zelolc}. 2efu} HAMZ e
A, B9 pElel o] eheRie] AEd oA Jheld
E okl 8ol 3 97 o mizlgl el £
AT ME v A ERE Ao, B Al
o] F4L 2As= A F A Bo|E FEE YA
A, A Care] Fx Gl o3 AleAdg AAE 3
w3} St

Protein kinase C(PKCY} AI3E W] 41& A A 9]
o] uf$- 283 J3E ST F-L 3] YAl vt
o]}, e} A SLA W = PKCel| 25k elaks}t 297} 6
b EAisle Ao= deizion, 442 PKCH 4
AF 2o B9 S dAlsled] F838 IS P
T B Eg)vl(Kim 5, 1995). TPA &8 PKC7} &4 5}
Hm PKCE cytosolol 4 membranel 2. o]F38lt}. TPAE
RAW264.7 celldA] B3] 10 ng/mle] FEoA B8 4=
& 7P A gAgee APde] Bl vl gled(Uchida
5, 1991). TPA X &e] 2]&] 302 Fel HE =2
SH-taurine 5] TRl Bl 172%2 AAF .o,
olwl Fig. 1o 9l& Dex, CS, HCS, PSN, PSL, MPSL, TA
59 o8] 7B sEReln 3222 FA] AFEA] e
SdA)e] Fade] tfR-E dE2Fe] 50% oJAfe = IEES
o}, Zept Zh AE|Bo| = g 2Re] el 2hgAle|2] A
FBPAE BAAA] dsivt. &, 4F A= 322
PKCS] Al 2lsle] A% el 519 AL 3
A = gle AeE vehgten] I FellM PSL, Dex,
PSNS| EAjo] 71 ZFHsieic). TPAY] 2h8-2 A
[Ca*]iol] &8l FA S7)= Al edgdel| = Fe{ght. L
et 2 ol A= TPAS 2JiME eheiaedAle] 84
o] ZaEglem, N2 [Catliell Mt eb-RApEA
2] gAe] IR

Cyclic undecapeptided]] &3l CsAE HMlTe] 454l
Streptomyces tsukubaensis?] HAMREEZA #7]0)4] F 7}
Z @o] ARGEE WY AAA|Fe] hde]vh(Borel .
1976). ©]3= AEX oA AFFEE 83T F, im-
munophilin®] superfamily % cyclophiling =84 = ¢14]
&) Al o)EAE A= 49 calcineurin®] 22 o
s WA FE-E s AeE 4EA YoH(Hand-
schumacher 5-, 1984; Harding 5, 1986). CsA:= F2 T
MEL Z27] 243 A A IL-2 FAA] promotord]
cytoplasmic NF-AT(nuclear factor of activated T cells)
7} Y EZ o] F(Cat-dependent translocation)sh= 7S

s L2 A4S ARl EEAHEmmel 5, 1989;
Blabletz &, 1991; Granelli-Piperno 5-, 1990). CsA2] -
2.0 2 A199S FAE = ol T2 ASAe] dR
Aoz dujd glem 7lel TF, & SO AA B4
o]z g},

R o Fo| A= mouse macrophage cell2 AR-E-3}ed,
inflammation 59| F83 WAULE-E P ML
Wel] EAsh= Bl9R Aol AN AA 224 mlx)e
odekS- AES] Bl &3} CsA] AE7)RL H= Cat
o} A3 M AeAdddAgdE Adgdel] 71isEE, A
Z7e] Ca* channel &Psl] ME Y2 CaHe FUAI7]
= Ca* jonophore?] IME A&s 2 oJ8ke ARl
CsAE 585<t A Aol 71k 2 24 94 E942 ¥4
222, R E Hell A o} whE AlZF o] Z-8ghe] #
AT M A AL} FAl A PS o, 52
Aol time-dependentsHA] F94 9l FE BaE ¥Hol
©}(Table II). 47]A] CsA2] 227]Fe] Ca**-calmodulin
B3 438 AMsshe Al @AIBted, Catt chelatordl
EDTAZ 71819S wj= IMol] &8 A ZHzE Cate] 4
o] douix] F3kd el¢7 Al BAo] FFHA X3t
SA=H(Table IV).

o] Ate]l 4] antiinflammatory steroid hormone®} =Y
AA7} AN TR L) e} 7 A2 Pl oFekE w|A
T+ AE 88 =] S #FelEd 4 elddeh &
vl AMLE AR T FEES T AH| R pEA] 9]
Ao o8k A= A, PRC o8 A=
| eRpEegA ] F48 FAUA FEA" e s
o, et W9 gAA G, ZEr7]He] calmodulin-Catt
complex 34 Hslel &Aool 9l CsAel <& A=
W B2 edale] A4S Catt jonophored] Mo 2
YA FBHYTE ZF, 2HRo| = 2R JulxoE
qAAE 59 dFF5 aAA 1Y JA2H-E st
ALz e glent, A ENL] stress AefellrE &
A 237 8FEHE B xRS
A717] #l8) e AL G FUMA Aes o
AAl e},

B A @ 7ol S8 dge el
EA 0|, A ELHl] v i) g EXlEe A
E FRE) A8 AzEe] et 5 " o4
A9 FA-L H sk 4 ¥lg- F23hct o]t Ao
A B Q3= PKCY Aot MEY Ca*t 325 &A%
o] o8 B7ke Dot 9ot ¢S] A F83F W]
5% gieli ol tlAMEAe] Bl A B4
o AA3kE A= ofE] 7[R fdEe}; AE Az
AAl BE B AR 7)1AE 93] K8 o BE QT
7} 22 3E Aot} w3t WgQAA] Mz " A=Y
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