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Regulation of Sodium-iodine Symporter Expres-
sion by Retinoic Acid in Thyroid Cancer Cell
Lines

Ki-Wook Chung, M.D.", Min Sun Song, B.S.z, Jin-Woo
Park, M.D., Orlo H. Clark, M.D.!, Dong-Young Noh, M.D.%,
Seung Keun Oh, M.D.°, Kuk Jin Choe, M.D.° and Yeo-Kyu
Youn, M.D.2°

Purpose: Response to radioiodine therapy for thyroid cancer
is related to the loss of sodium-iodine symporter protein
caused by dedifferentiation of thyroid cancer cells. So we
aimed to study mRNA expression of CD97, dedifferentiation
marker, and sodium-iodine symporter after retinoic acid
treatment according to retinoids receptor status.

Methods: Thyroid cancer cell lines; ARO, FRO, NPA, TPO,
and FTC133 were prepared. 5uM of all trans retinoic acid
were administered to each cell lines and then expression of m
RNA for retincids receptors (RARa, RARB, RARv, RXRq,
RXRB, RXRy), CD97, and Sodium-lodine symporter by
RT-PCR.

Results: RARs and RXRs were differently expressed in
each cell line. After retinoic acid treatment, relative density
of retinoic acid receptor mRNA were increased by time
dependently in each cell line except TPO cell line. Expres-
sion of CD97 also was decreased in every cell lines (P <
0.001). Retinoic acid increased expression of sodium-iodine
symporter only in FTC133 cell line (P<0.001), and TSH or
forskolin did not enhance NIS expression by retinoic acid.
RARpP and RXRv were expressed only in FTC 133cell line
before treatment. Induction of sodium-iodine symporter by
retinoids disappeared after RARp specific antagonist LE135
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or pan RXR antagonist PA452 administration.
Conclusion: Retinoic acid reduced expression of CD97 in
five thyroid cancer cell lines. However, retinoic acid could
restore sodium-iodine symporter expression in only FTC 133
cell line specifically containing RARB and RXRv. Restor-
ation of sodium-iodine symporter expression by retinoic acid
is related to RARB and RXRv expression. (Korean J
Endocrine Surg 2004;4:1-9)

Key Words: Retinoids receptors, Thyroid cancer cell line,
Sodium-iodine symporter, RARp
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Retinoids= retinol®] HA FZ=AZA all trans retinoic
acid (ATRA), 9-cis retinoic acid (9cRA)$} 13-cis reinoic acid
(13cRAYE Egatar glar 74zke ol &4 o wh-g-3f
™ 1 ytel] B2 FFEAEC] EAFTE(6) Retinoidst
WA A o A ZE3tet 71 Aol #ASH in vitro L)AL
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1) AE3tE=E

AbEsE B E 313EE2 Sigma Chemical Co. (St. Louis,
Mo, USA)ll A 18t th RARB 50]% Z3kA]Ql LE135,
RXR &-9°]7 ligand¢! Hx630, 18] RXR £0]7 23} A<l
PA452 (18 Xu Q, et al. 2002)> & 73t 8t2] Professor Hiro-
yuki Kagechika (Tokyo, Japan)7} #|3-3}9th.

2) M|z ek

g GHEFQ ARO cell line (W]%3FF AEF),
NPA cell line (-7 A2, FRO cell line (733} Al
), 283 TPO cell line (FFFY AEZF)S 10%/5% fetal
calf serum (FCS)< 3 7}gk RPMI1640 ¥ Aol Al A+ &<t
Hj ket 3~4d0l 134 WA E wal] FUTh ATRA
(Sigma Co, Missouri, USA)E *]2]s}7] 2 &2 Z &) =9
A BHFE R & A S AT WA R &7 2447
o) 5uM all trans retinoic acid® %] 2] 3}$t}. FTC133 cell
line (¢ E AIXEF)E 10% FCS, TSH (10 mU/ml), fungizone
(250 mg/ml), penicillin (10,000 U/ml), streptomycin (10,000
U/ml), glutamine (12.5 mg/L), insulin (0.01 mg/ml)S 3 7}gt
DMEM F-12 (6H) viA|o|A 2-& Hbyo=w st
ARO cell line, NPA cell line, FRO cell line> A&ttt 9]
AF7] 2(ML, B3R)7), FTC133 cell lineZ TPO cell
line2 Heinlich Heine t]}2] Professor Peter Goretzki (Dus-
seldorf, Germany)”} A& 3} %t}

3) AXMAl FZEtEAEHS(Reverse Transcription-Poly-
merase Chain Reaction: RT-PCR)

ATRAZ #]3}7] 2] ATRA vehicleSl ethanol?+ # 2]
H AEF o} ATRA M2 F 24A17h 48417, 72417 $-9]
A EFANAM FE3 RNAS o] &30t & RNAE A A3
A2 o)A TRIzol reagent (GIBCO BRL Life Technologies,
Maryland, USA)E ©|-&3lo FZ3}%Th RNA pellet>
DEPC treated water®l] <F 0.5ug/ulelA 1.0ugule] =2
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% RNA 1yg¥} random primer p N6 (FF T= M=
12.5112] DEPC-treated water] 23l 283+ A4 70=° ¥
% & FEZF cooling 3FHTE cDNAFA L recombinant
MMLV reverse transcriptase (GIBCO BRL Life Technologies,
Maryland, USA) 1115 o] &3t T3] A= A&}
AL gk A 42°CA 117 TS A e AT v A
A 94°Coll A 523t ZhEstEAN TR S5 tEH
22 primerS AHE-3l S tH(Table 1). Z}7He] PCR WH$-
cDNA 3ul, 10pM primer 1y, 2.5 mM dNTPs mixture 1,
108} PCR buffer 2.0119} recombinant Thermus aquaticus
DNA polymerase (TaKaRa Shuzo Co Ltd. Tokyo, Japan) 0.5
it 3t < volume©] 20u7F HEZ AT
%322 TaKaRa Shuzo Co Ltd (Tokyo, Japan)2] TaKaRa
PCR Thermal Cycler Personal S ©]-83}th. 4oz PCR
$2ES 7}A 32 Ethium Bromide (Sigma Chemical Com-
pany, Missouri, USA) 3 41& o]-83}4] 2% agarose gel elect-
rophoresisE A] 33} Biological Image Processing System
(BiPS) 3.0 (BIOMEDLAB Co, Seoul, Korea)S ©]-83}4] gel
imageS 9 ¥, 1 U= 5 AFsetAch 44 A
o tigt dA YEe FY DNAZHE ¥-E house-
keeping gene?l GAPDHO| UWE= RA3to] F3}H )

4) NIS2} CD970f| CH{st RT-PCR

Y3 WHO Z ATRA vehicle$] ethanolTt * 2] H M 25
o} ATRA A 2] $ 24A13L, 48A17F, 7241 7F F-0] Al E 50l A

NIS¢} CD979] thaled RT-PCRS Attt A7} AL&
S} primer= Table 19 of|A]&}H ). w2 TSHS} forskoin®ll
9] 3k ATRAY] synergistic effectS 2+213}7] ¥3ted TSH free
DMEM F12 (5H) media®llA] v 3k FTC 1334 0 A
ATRAS$} TSH (1 mU/ml), forskolin (10 nM/L)S & 3 72
A ZbR ol NISO| thd RT-PCRS A 88t th FTC 1334 %
Fol Al RARBS] H&-E& #418t7] 9138te] RARp 50]4 2
84191 LE135 (0.1uM/L)%} ATRAE o] Agld 5 724
ZtAjol] NISell th&}e] RT-PCRS A3t} & FTC 1334
EF A RXRvY 98-S BA517] 93] 5o ligand?]
Hx630 (1LM/L), RXR E0°]& Z3 A2 PA452 (IIM/L)=
Aol Aeg & 72A]7Hxﬂoﬂ NISo| th3le] RT-PCRS A
ettt xR F& WA &4 2700
A vﬁ} ANd 7“‘41%%%‘ 2] AR EE Al
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ATRAZ A 3}7] Ay 23 5o mRNA & Uro
W3S EAH0 g2 7435387 93l PCE soft wareQ! SPSS
11.0 for WINDOWSE ©]-8-3}9] one way ANOVA testS A
Alatdnh HaYE s WA 2702 A3 GAPDHS Y
o AojH oz BAste] AMESHA A 33] AAIE A
mean?tS HHYEZ 71734 P<0.05% B¢ SAF
o= frosttta WStk

Table 1. Primers used for PCR reaction

Molecule Sequence Product size

RARa Forward: 5-TGGGTGGACTCTCCCCGCCA-3 512 bp
Reverse: 5-CCCACCTCCGGCGTCAGCGTG-3

RARS Forward: 5-CACTGGCTTGACCATCGCAGACC-3 458 bp
Reverse: 5-GAGAGGTGGCATTGATCCAGG-3

RARY Forward: 5-GGCCTGGGCCAGCCTCACCTC-3 480 bp
Reverse: 5-CAGCCCCAGATCCAGCTGCACG-3

RXRa Forward: 5-ATGGCTGCCCCCTCGCTGCAC-3 386 bp
Reverse: 5-GGCGCAGATGTGCTTGGTG-3

RXRB Forward: 5-ATGCCACCCCCGCCACTGGGC-3 528 bp
Reverse: 5-GCCTCCAGGATCCTGTCCACAGGC-3

RXRyY Forward: 5-CCCCTGGTCACACTGGCTCGACG-3 228 bp
Reverse: 5-CACCAGAGACCCAGGGCTGGTGG-3

hNIS Forward: 5-GCCCTCATCCTGAACCAAGTG-3 232 bp
Reverse: 5-TGATCCGGGAGTGGTTCTG-3

CD97 Foward: 5’-GAGCATCAGTGTGACAGCTC-3 331 bp

Reverse: 5’-CTATGAGGTGCCGGACAGGT-3
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ATRAE A Ao 7Y A EFo| A retinoic T84
o] WdS AMIFAS w] NPA HEFAM = RARPZL,
FRO A|XEFoX= RARa, RARy, RXRa, RXRB7} ARO
A EF| A= RARY, RXRq, RXRB7} FTC133 A|XEF0
/1= RARB, RARy, RXRp, RXR v’} 183 TPO HLT
o] X RARa9} RXRp7} H‘iﬂﬂﬂ A THFig. 1). ATRA
2 Ag3 T R A EF)A RARF RXRY
Ho| Z7hsteE S B PO FRO Al £ A RXRas}
RXRp, 183 ARO A EF A RXRa= 23|18 743
3 FTC133 A|¥£F9]4 RXRaxe A Z o2 o3 w3}
7} A THP=0.073). TPOM £ A= EE RARI} RXRE]
ol W3ty gl thFg. 2).
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Fig. 1. Expression of retinoid receptors after all-trans retinoic
acid 5 M treatment.
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Fig. 2. Messenger RNA expression of RARs and RXRs in NPA
cell line after all-zrans retinoic acid treatment.
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Fig. 3. Changes of NIS and CD97 expression after all-trans
retinoic acid (ATRA) treatment. (A) CD97 decreased in
each cell line. NIS increased by ATRA 72 hrs later only
in FTC 133 cell line. (B) Decrease of CD97 expression.
CD97 decreased to normal tissue level after 24 hrs.

A Foll=
AIZE $, 48A17E
& Abolo & %ﬁﬂé
(Fig. 3B, P>0.05). NIS¢] %oﬂ%
A Mole ddso] QA @k A
£ Rolx ¥&gtth 2 FICI33 A%
48A17HEE] NIS & o] S7HE AL 724 7*
27 zto] glo] Wd = ATh(Fig. 3A).
FTC133 A E£F0]| A TSHel <3 ATRAS] &3 Z7 o
B2 dolr 7] 93] ATRAS TSH (1 mU/ml), 2]l ATRA
9} TSH F-AF cAMP & X149 forskolin (10 nM/ml)S FA) o]
A3 & 7247 Zo] NISY 2ES AAste] Hth
ATRA%F 8] 3+ 739, ATRAS} TSHE A %) 3 7é—?— aejar
ATRAS} forskoling A X g A9 5 A|7FA] A9 EFolA
NISe HdAZ7HE #ET 4 YRA T ATRA 5 A&
A3 ¥ wf TSHO} forskoling o] &3k 7 -0l A
NISO| WAL L7} F74stAl= % U Th(Fig. 4, P>0.05).
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Table 29} Zt}. RARS| %= 3714 o}d F 3l 7}%] g=
b AZFo A dEoe] Hol AL TPO A EF M=
RARB7} oFetAl BAE AL A9stis & RARS T

HE A &kt RXRS NPA Al EF9 /\1“ Al 7}A] isoform
o] BF w0l 9)A ¢kgka RXRv A4S FTCI33 Al
Eo Mgk BA =Y QI F FTC133 Al 5] A= RAR
7} RXR ZFollA RAAE o RARBS} RXRyRo] 5] 3
=1 Hlaﬂo] 9}91—7 RARBQ]r RXRY-Q] }\]-EHXJO] H]—z‘ﬂ ul
TE oE A 3 vlus) B w BAH02 {25
IR iOLE‘r(P=O 015).

RARBY] Eo]F9] o

—LZE
T =

8-S gelsty] $1ste] ATRASH
RARpell 5] 22l Z:lfz} A9l LE135E FAlo g &
NISS] @S 7223 Fo HA5Y S w) ATRAC <&
NISS] WaZ7b7h 24590k RXR S84 2Fe] 283}
34 retinoid Hx630S #2)314]S Wol| = 72417+ & NIS

L
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Table 2. Retinoid receptor status before all-frans retinoic acid treatment

CELLs RARa RARp RARY RXRa RXRp RXRy

NPA Positive Weak positive Negative Negative Negative Negative
FRO Negative Negative Positive Positive Positive Negative
ARO Negative Negative Positive Positive Positive Negative
FTC133 Negative Positive Positive Negative Positive Positive
TPO Weak positive Negative Negative Negative Positive Negative
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Fig. 4. Costimulatory effect of TSH and forskolin to NIS induction
by ATRA. (A) TSH and forskolin did not intensify NIS
mRNA induction in 72 hrs. (B) ATRA and TSH, forskolin
did not showed statistic difference of NIS mRNA density.
Abbreviation: ATRA = all-trans retinoic acid; TSH =
thyroid stimulating hormone; NIS = sodium-iodine sym-
porter.
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Fig. 5. Receptor specific inhibition of NIS induction by ATRA (A)
RAR S specific antagonist LE135 blocked ATRA effect to
FTC133 cell line in 72 hrs. RXR specific agonist Hx630
and RXR specific antagonist PA452 also showed similar
effect. (B) This blockage effect was statistically different
(P<0.05). Abbreviation: ATRA = all-trans retinoic acid,
TSH = thyroid stimulating hormone; NIS = sodium-iodine
symporter.
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