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The Effect of Atorvastatin and Simvastatin on NIS Expression of the TPC-1 Cell under
the Therapeutic Blood Concentrations
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Background: Although so many experimental trials have been done to improve the redifferentiation and responsiveness of radioio-
dide therapy, they have not yet yielded any satisfactory results. As statins inhibit both farnesylation and geranylgeranylation, they have
been reported to have an antineoplastic and redifferentiation effect in experimental and clinical studies. In this study, we investigated
the relationship between statins and the alteration of the NIS expression and, TPC-1 cell apotosis to evaluate the possibility of using
statins as adjuvant therapeutic agents for papillary thyroid cancer.

Methods: We used the TPC-1 cell lines for our experiments. Cell viabilities were measured by CCK-8. The degrees of apoptosis and,
the expressions of NIS mRNA and NIS protein were measured by flow cytometry, semi quantitative RT-PCR and Western blot assay.
Results: Increased levels of NIS mRNA and NIS protein were observed under therapeutic blood concentrations (concentrations of
simvastatin: 20, 50, 80 nM, concentrations of atorvastatin: 50, 80,110 M), but the dose-response relationship was only manifested
within simvastatin. The TPC-1 cells showed a concentration dependent decrease of viability and an increase of apoptosis not under
therapeutic blood concentrations, but under excessively high concentrations (after treatment with 10-50 uM of atorvastatin and
with 1-10 uM of simvastatin).

Conclusion: The results of this study show that effective therapeutic blood concentrations of simvastatin and atorvastatin can give a
favorable effect on the NIS expression under effective therapeutic blood concentrations. Therefore, we demonstrated the possibility
that simvastatin and atorvastatin might have an important role as adjuvant therapeutic agents to improve the responsiveness of ra-
dioiodide therapy for papillary thyroid cancer. Further studies are needed to clarify this issue. (Endocrinol Metab 25:192-198, 2010)
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ARIAELE T} OoFERFIAEFEIS BIOMOL Research Laboratories,
Inc. Plymouth Meeting (PA, USA)E F-E| Lufj5}o] AR-8-31531, Al
3 HjoFof] ¥ 23t Dulbecco’s Modified Eagle’s Medium (DMEM)Z}
Qjo}dA 52 GIBCO (CA, USA)O|A Fuia3iT). Cell Counting
Kit-8 (CCK-8)- Dojindo Laboratories (Kumamoto, Japan)of| A <+
31910, Apoptosis marker]l Annexin V-FITC2} Propidium Io-
dide (100 pg/mL)*= BD bioscience (CA, USA)OJIA] LAtk vHy
oA AL SR AHHSS A5 915} RNeasy Mini kit
+ QIAGEN (Hilden, Germany)©|| 4], Accupower RT/PCR premix2;
human NIS primers® Bioneer (Daejeon, Korea)ol| A <Huljs}ict
CelLytic™ MT Mammalian tissue Lysis/Extraction Reagent= Sigma
(MO, USA)®|| 4], 12} Anti-sodium/Iodide symporter (NIS) monoclo-
nal Antibody+= Chemicon (CA, USA){|A], 0]} &A1) Goat Anti-
Mouse antibody+= Biorad (CA, USA)OJ|A T3} .o0, Tl A=k
of] AR5 BCA™ Protein Assay Reagent Kits= PIERCE (IL, USA)9]|
A FAsHek L 2jof] AR 3}8t oFEF5-2 Sigma-Aldrich (MO,
USA)9IIA AT
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M| ZAPEAF 42 Apoptosis marker?] Annexin V-FITC2} Prop-
idium Todide (100 ug/mD)E WHS-AJZ] 3 F-A)| 3L E-47](FACS: fluo-
rescence activated cell shorting, Becton-Dickinson, San Jose, CA,
USAYE o]g3to] gelstlet. ¥h-g-o] E4 A= single cell 2 Tt
7] YallA] Trypsin-EDTAS #]2]3}aL, FACS tubed]] HOFA] 1,500
rpmof| A SEZE A4 Felekgieh A A|lASkL 1 x binding
buffer (140 mM NaCl, 10 mM HEPES [pH 74], 2.5 mM CaCl, store
at 2-8°C) 1 mL& YL A|Z2E Z0]& F 1,500 rpm S 2 5E7F L4
Helal3ict ASdS A AT F Annexin V-FITC 3 uL&} Propidium
Todide 10 ulE 1587F B-SAIZLE 21 3 FACS buffer (1% FBS, 0.1
9% NaNy) 300 uLE 931 FACSZ 24159t}
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A= 50-80 M) 7102 ASFAEHS. 6-wel plateol WOk 7H4
X B2ok MES 2h2te] Mo ] Aeelo] 182 Eok kg
Atk HHg-o] Tt & PBSE 3ﬂ A|ZSHL ZA] Buffer RLT 350 pL
£ 4o pipette 2.2 RNAE H2]5}4t} £-2]% RNAE Eppendorf
tubeo]] €1 30%7}F vortex /\]32,4 SHTE 70% ETOH 300 plE 7}
310 pipette 0.2 2+ 42 5 & 700 pLE
spin columno]] Yl ARof| 4] 15%7F 10,000 RPM .2 ¥4 Ha]s}
St} Collection tubeof] Q1 & A AT F 700 uL Buffer RW1E
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spin column®] YT 1527} 10,000 RPM O 2 4] Ea|5}%tt Col-
lection tube] X291 & A7 gt F 500 pL Buffer RPEE- spin col-
umno]] @il 15%7F 10,000 RPMof| A QA1 BEa]5}1ar, thA] collection
tubeo]] HQ1 M-S A3 H 500 pL Buffer RPEE- spin columno] 4
a1 28 =91 10,000 RPMof| A Al E2)stgich 1 & A} collection
tube®| 4] 30 pL RNase free waterE spin column®] ¥il 187}
10,000 RPM O 2 4] E2]3t & Nano-drop ND-1000 spectropho-
tometersS 0]-83}0] RNAS 519t

QAL TS 42COIN A7, FFEA AL L 05T
o} A 1587F oflu] WS Bk 95°CollA] 24, 40.1°CollA] 142, 72°Cel]
A 188 40771 AFE T opet 8L 720004 1087 8 o
& 4Tl A Bstglct

Semiquantitative RT-PCRO]| B 23} human NIS primer®] @7] A
&2 Forward primer: 5“TCTCTCAGTCAACGCCTCT-3, Reverse
primer: 5-ATCCAGGATGGCCACTTCTT-3, ZE A4 Eo] 77
+= 299 bpo|™H, GAPDH mRNAZE- internal control &2 AF8-5133T) Tk
=917 PCR YT 1.2% agarose gelol| A 7] H-53}o] LAS-
3000 (Fuijifilm, Japan)ollA] AFHE &o] ghelstal, Multi Gauge 3.0
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ARe E59A 0 2 33] RlEs}o] AJeYstqct

'S

2o e
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monoclonal antibody (1:1,00005 4 Co|A] 12A17F YA WHS-A17] 1,
2%} Goat Anti-Mouse antibody (1:200)5 Al-2of| A 1A]7F HFS-A171
%] AP-conjugated development kit Biorad (CA, USA)Z HHASIRATY
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Fig. 1. Human NIS mRNA expression after treatment of simvastatin and atorvastatin. A. After treatment of each statins for 48 hr, human NIS mRNA expression
treated with simvastatin was detected in a dose dependent manner by semiquantitative RT-PCR. But, human NIS mRNA expression treated with atorvastatin showed
the only increase of mMRNA expression in a dose independent manner. Treated concentrations of statins were decided by the range of effective blood concentrations
which normal healthy adults ingest simvastatin or atorvastain 40 mg P.O. (C: control). B. These graphs show the increased percent of relative mRNA expression in a
dose dependent manner after treatment of simvastatin. But, atorvastain showed the only increased percent of relative mRNA expression in a dose independent man-
ner. These densitometric result were measured by Multi Gauge 3.0. (concentrations of simvastatin: 20, 50, 80 nM, atorvastatin: 50, 80,110 nM).
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10 cm petri disho]] H{FEl TPC-1 A|3zo) HFYEFA] semiquantita-
live RTPCRS AJ202 0]2} 508} 30| AehelS Eofsjol(iu}
ZEFEIS] Ftet= 20, 50, 80 nM, OFEHIAENE Q) gle= 50, 80, 110
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Fig. 2. Human NIS protein expression after treatment of simvastatin and atorvastatin. A. After treatment of each statins for 48 hr, human NIS protein expression
treated with simvastatin was detected in a dose dependent manner by Western blot. But, human NIS protein expression treated with atorvastatin showed the only
increase of protein expression in a dose independent manner. Treated concentrations of statins were decided by the range of effective blood concentrations which
normal healthy adults ingest simvastatin or atorvastain 40 mg PO. (C: control). B. These graphs show the increased percent of relative protein expression in a dose
dependent manner after treatment of simvastatin. But, atorvastain showed the only increased percent of relative protein expression in a dose independent manner.
These densitometric result were measured by Multi Gauge 3.0. (concentrations of simvastatin: 20, 50, 80 1M, atorvastatin: 50, 80,110 nV).
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Fig. 3. Viability of TPC-1 cell and depending on both simvastatin and atorvastatin concentrations. TPC-1 cell were exposed to the indicated concentrations of simv-
astatin (1-10 pM) or atorvastatin (10-50 pM) for 48 hr, and cell viability was measured by CCK-8 assay. Cell viability decreased in a dose dependent manner. A. Sim-

vastatin, B. Atorvastatin (data shown are mean + SD) (P< 0.05).
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Fig. 4. Induction of apoptosis in TPC-1 cell treated with simvastatin and atorv-
astatin. A. After treatment of simvastatin and atorvastatin for 48 hr, TPC-1 cells
were double stained with Annexin V and P! staining for 15 min and followed by
FACS analysis. Induction of apoptosis in TPC-1 cell treated with each agent
was increased by concentration. B. These graphs show the increase of apopto-
sis in a dose dependent manner. (C: control, S1: Simvastatin 1 M, S5: Simvas-
tatin 5 M, S10: Simvastatin 10 uM, A10: Atorvastatin 10 pM, A20: Atorvas-
tatin 20 uM, A30: Atorvastatin 30 ).

Aaze] AEel| ofel JefE 4] Bl human NIS mRNAS} T
o] ukgo] zkzt WAL E3h, AulAetEle] 49 A=Al ¢
A 9% %04 human NIS mRNAQ} Tl o] Fi= o]=2|Q]
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iy BT SR ulelEHel whao] PRI 2 AlvhAekEs
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L quEsle] 25 ALY 205 AR B2 AR A RA
A 5 Qe 74 ARk

DOI: 10.3803/EnM.2010.25.3.192



The Effect of Therapeutic Blood Concentrations of Atorvastatin and Simvastatin on the NIS Expression of TPC-1 Cells 197

1998 Jhiang 591> @& HEHE mouse model®] VAl FF
of| A1, 2004 Venkateswaran {1012 HJFE ZHAFAIA| A TH4F
A f-5ere] o3t 38 5 RET/PTC- Aigo] & 7% NIS
oot A Q0 & 250l 745 W k9] 20031 Knauf
S[111-& RET/PTC ZFoFehulzlo] rat PCCI3 744 A3zol|A] She/
Ras/MAPK Al &g A A1S £3]] NIS mRNA level-S- W21 MAP/
ERK kinase (MEK) (MAPK kinase) inhibitorsS A}-8-3F 72 NIS
mMRNA levelo] 2555 B 1stGict aFA|RE X Romei 512]°] 2]
s}l RET/PTC Affeto] Qi 2} ol NIse| Wl 2k 92l
Aol Gl FAY % sttt gHH Vadysirisack {121 RET/
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Ak 75 NIS o] Z71oks Hof =Qie} e e I 57
ko] 915} Toll A LB 22 5 418H ol 4ol RET/PTC )
", Ras Mo, BRAF 50| 59 o8] 7}H4o| mitogen-acti-
vated protein kinase (MAPK)E €-/32}sh=t]] o{ahm[13], o]2igh
NSHEAA} NI W ot Bl R A ek ARELS
2EFE]O] Tsoprenylation} RasE 2JA|5}0] Ras-Raf-MAPK 3/1 A&
AAE AAISFEZ(14] 2B} 9] Fo{9f Ras-RafFMAPK 3/1 2 4]
A AAE S NSO I S7h= o= F= AT Sle AL
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SRS 7 Sl 71Eol disl obAl MRl Bl glew, of
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