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Role of Survivin on the Proliferation and Differentiation of Thyroid Epithelial Cells
Miho Suzuki (Department of Endocrinology and Diabetes, Institute of Internal Medicine, Saitama Medical School,
Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Survivin is one of the IAP (inhibitor of apoptosis proteins), which is expressed during embryonic development,
but is not expressed in terminal differentiated adult tissue. Overexpression of survivin is observed in a variety of
human tumors including thyroid cancers. We examined the role of survivin on the proliferation and differentiation
of thyroid epithelial cells. Rat thyroid epithelial cell line FRTL-5 was stably transfected with human sense and
antisense survivin genes. FRTL-5 cells transfected with a survivin sense gene (S cells) proliferated without TSH. In
the presence of TSH, the proliferation of S cells was significantly faster than that of cells transfected with an empty
vector (E cells) or cells transfected with a survivin antisense gene (AS cells). The proliferation of AS cells were
retarded as compared with that of E cells. Western blot analysis demonstrated that phosphorylation of Rb protein
at serine 795 was enhanced in S cells. Activation of E2F-1 was also enhanced in S cells as demonstrated by gel shift
assay. Northern blot analysis showed that expression of Pax-8 mRNA was significantly enhanced in S cells, and
was significantly decreased in AS cells. Expression of thyroglobulin (Tg) and TSH receptor (TSHR) mRNA was
decreased in AS cells. There was no significant change in TTF-1 and TTF-2 mRNA expression. These observations
suggest that survivin enhances the proliferation of thyroid epithelial cells through activation of E2F-1, and also
enhance the expression of Pax-8, which then affect the expression of thyroid specific proteins. Survivin appears to
play an important role in the proliferation as well as differentiation of thyroid epithelial cells.
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(JRH BIOSCIENCES, Kansas, USA) % fill z 7= 5% #% &
I T, 37°C, 5% CO, FTHi&E L7z, T v b HIRBRIE
fa b ek (FRTL-5) OXE#ICid, 1 mU/ml TSH
(SIGMA), 1 pg/mlA > AV > (SIGMA) ZhiZ Tz k54
Wzl Uz, HURBGEAIaRR I, 7 IR RR 2
245 [1%, 96 well culture dish (IWAKI, #i %L, Japan)
12100,0001 / well § D& &, &% TV A X)VINA A
Ly MEICTAMIRE 2B U7z, [[EkIC, FRTL-5
&, TSHAFE, JHFAEORBERZMEHL T Y A2
INAF Ly MBS THEMBEHE L.

Transfection

Survivin gene D £ E % BLAST X O #i 2 L, Xbal
& BamHI O {fil| iR % Z Bl 51 72 5 D LL T @ primer % 7%
Z L7, (FW) 5-CTCTAGACCGCCAGATTTGAA-
TCGCGG-3, (RV) 5-CGGATCCTGGTGCAGCCAC-
TCTGGGAC-3’, polymerase chaine reaction (PCR)
HECCTHUIR B IR K O survivini@ (s 7 Z2 B iE L
7 )V [H I %, pcDNA 3.1 (Invitrogen, California,
USA) IcZ7ma—=>7% L, Survivin geneD+t > A X
k< > K (open reading frame) 7 3339 % survivin
sense vector N Ui X D7 VF L AANT YV
K 7% 3 813 % antisense vector Z /EH L 7z. 2 5
Dvector fz U empty vector %z, 8505C & FRTL-5IC
TransFast20 (Promega, West Indiana, USA) 7 {&i F{
L T transfection # 17 - 7z. 2X10°T10 cm culture
dish (IWAKD I ffl fd %z 15 # L, 10 pp gD sense-,
antisense-, empty-vector % transfection LU, 48if [H]
12400 p g/ml0> G418 sulfate (Promega) Z¥/NL,
transfection & N7z il Z2 B IRAVIC BEE U 7z,

Western blot

survivin 7 transfection U 7z #iJ@ I DU C, survivin,
U >k Rb & O FE B & % Western blotik: ™ ™ % Jf]
W L 7z,

80% A7)V Y MCELIMIAK D 2208
ML, DC7ra7 4> 7 vt A% (BIO RAD,
California, USA) Z i L CEHE =% & L .
50ugD RIS BEZSDSKY 7 7V )V 7 I Ry
JVTUkEh ., H—Pifk & U T Hisurvivinfifk (R&D
Systems Inc., Minnesota, USA), fiphosphoRb
(serine 895) ik (Cell Signaling Technology Inc.,
Massachusetts, USA) 7% fifi f U, 4°C T16/HF [ 5 s
L7z, % - Pifk & L CAnti-rabbit Ig, HRP- Linked
Whole Ab (Amersham Biosciences, Buckinghamshre,
England) Z{fif L, EHE T KT 7. ECL™
Western Blotting detection Reagents (Amersham
Biosciences) % W THRPE SIS THURFUAS )72 1R
HLUTz.
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cAMP assay

FRTL-51C1 mU/ml®TSH, 2.5 mM 3-isobutyl-1-m
ethylxanthine (SIGMA) 7% ¥/ L, 55 #& 21 R 1% IC
EE N OB Z EIN Uz, B R Ol Hh @ cAMP
(pmol/ mD) &V~ PEh (Bkr-, T3 OF» MM THI
& U7z, [AIRFICDNAR (g/D Z2illE LliiEZTT-> 7.

Electrophoretic Mobility Shift Assay

80% 1> 7)Y MTEL ML L/
10pgdDRINTExEHWV, [V#P] ATP (Amersham
Biosciences) T Z N\ )l L 7= E2F-1 consensus
oligonucleotides (Santa Cruz Biotechnology Inc.,
California USA), 5 X UFGel Shift 5% Buffer (Promega)
B T K s & 4, 1XTBE (0.05M Tris, 0.05
M Boric acid, IM EDTA - 2Na), 5% 7 7 V)L 7 2
R 7V T, 160 mV, 1K pk @ U 7z, X [A FF IS,
0pgd #8278, [V *#PIATPTF )L LTZE2F-1
consensus oligonucleotides, Gel Shift 5 X Buffer % %5k
TRIGEHT=DH, E2F-1 rabbit polyclonal IgG (Santa
Cruz Biotechnology) Z#sINL, 37°C, 3077 &k
BaEIT-o 7. IV KT A X —IT80C, 2077 WLFEL,
—80°C T3 T B/,

Northern blot

80% a7 )by MICiEL M & ©ISOGEN
(ZwRyY—, 5L, Japan) Z{#i] L C total RNA %
flith U7z, & 5ictotal RNA 250 p gh 5 Oligotex'-dT30
(Takara, 85, Japan) Z{#f L T mRNAICFRIL, 1%
T HOA—=RAT )NV TEKEELF VU L7031 R TR
L, Gene Screen Plus Hybridization Transfer Membrane
(Perkin Elmer Life Science Inc., Massachusetts, USA)
ICHiL 5 U 7z, rat pax-8, rat TTF-1, rat TSHR, rat Tg,
rat NIS®D probe 2 {EHL U #z. DL RIC{difH L 7z primer 7
789, rat pax-8 (FW) 5-ATGCCTCACAACTCGATC-
AGA-3’, (RV) 5-TCCGGATGATTCTGTTGATGG-3’,
rat TTF-1 (FW) 5-AGTAGCGAGGCTTCGCCTTC-3’,
(RV)5-TGTCTGTAAGCTGCGAGCGG-3’,
rat Tg (FW)5-GCTACATTAACAGCAA-3’,
(RV)5-TTGCACTGGACAGGCATAA-3’, rat
NIS (FW) 5-AAGTTCCTGTGGATGTGCG-3’,
(RV) 5> TCACACCGTTGGAGAGC-3’, rat TSHR
(FW) 5-AAATCCGGAACACCAGAAGC-3’, (RV)
5-GCTTTTTGAGAGTCCAGGTG-3. TN 5 D primer
Z 4 L, RT-PCRIC T H4 i§ % pGEM-T Easy Vector
(Promega) I TA cloning L 7z. EcoRI (Takara) TYJkr
L, cDNAZ[EYUY L TT7 QuickPrime™ Kit (Amersham
Biosciences) I C [* #P]dCTP (Amersham Biosciences)
WCTIN)VL, 68 CTNA TV EAEAL g LTz
% —80°C T3S ¥k,
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FRTL-5#Hfe, FIRBREZMAL T DsurvivinDFIR

pcDNA3. 1T survivinig fn 72 7 0 — =2 7 L,
survivin sense vector, antisense vector &= 1 # L 7z.
N5 Dvector’ZFRTL-5IC T Y AT 273
>~ L, survivin#E [ @ % Bl 7% Western bloti% T fi#
L7z (Fig. 1). empty vector & antisense vector %=
FIUVAT v a v Uil (&< ERXTAS) T,
survivin B IIHH L T\ ah > 7z, sense vector D
NS UAT 27 a UHIME (S) Tid, survivin®FHE
DR FEB 27D Tz

FUIR IR IR 3517 5 survivin 25 FH O 788 & Western
Bloti: CHiGI L7z & T 5, HilaEEGERED F U FRO K U
8505C CsurvivintE FIE DF 2788 7z (Fig. 1.

survivin|Z X % #iRTEFEDFHER

FRTL-57%2 967X D < A 7 1 7 L — k1 100,000 D
M7 £ &, 48HFRI37°CTHIRE 7 U A X )VINA F
Ly MBS THIRE Z M5t U 7z (Fig. 2). FRTL-55
fuid, TSHTF/E RO A THGET %728, S, AS, Effl
fa% TSHAF(E, FEMFE RO TR U TG L7z,
SHIFE TIX TSHIEEAE R CH B2 588, TSHIEME R
TEMEOEMAIC I U THEOEEEER D -
ASHIIETIX, TSHAF(E FH 5 WIXIEFEAE F T EfiY
I U CTHEOBSEREDIK N IEild e - 2.

bk BRI 8505C 123U\ T & K vector 2 b
SUAT 7 b UKET LT (Fig. 3). 8505C D SHHET
IR RE (XA B EE L, ASHIN THSRED B
BEOK N2z,

% 7z FRTL-5H1 i@ I 33\ TTSH#I IS & % cAMP
PEAE, SHIAEIC TASHIfRICEE LA RIS ML /2
(Fig. 4). ASHiflaTid, Effilaictb L TEAEICCAMP
PFEAEDIK N2 Tz,

Rb EH, E2F-10D%I8

Western blotic CFRTL-5DSHfE ¢, TSHTELE,
JEF#AE FICTH VU VEE{ERD (serine 795) DX B hN%
a7z (Fig. 5). TSHAF(E | Cld ASHHIfe-® EffifaiC bk
Lo Y VBEDRENRD SNz, £z, RbDY
gk & & &1C Electrophoretic Mobility Shift Assay 1C
TE2F-1ODNAKS Gz 72 7 (Fig. 6).
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Fig. 1. Upper panel: Rat thyroid epithelial cell line FRTL-5
was stably transfected with a human survivin sense (S) and
an antisense (AS) genes. Overexpression of survivin protein
was observed in S cells, but not AS and E (an empty vector)
cells. Lower panel: The expression of survivin protein in
thyroid cancer cell lines(FRO, WRO, 8505C) was prominently
observed.
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Fig. 2. Upper panel: FRTL-5 cells transfected with sense
survivin gene (S cells) proliferated even in the absence of
TSH. Lower panel: In the presence of TSH, the proliferation
of S cells was significantly faster than that of cells transfected
with empty vector (E cells). The proliferation of FRTL-5
cells transfected with antisense survivin gene (AS cells) was
retarded as compared with that of E cells.
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FRTL-5 T D FUIRIRRE B (5 T~ D ¥ 81 7% Northern
Blot7£ CHERE U (Fig. 7), HXTEE#RD 7z 8 cyclophilin
W UCTREME(E LT, #757I1cR LTz (Fig. 8). AS
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Fig. 3. 8505C thyroid cancer cells transfected with a survivin
sense gene proliferated faster than those transfected with an
empty vector or with a survivin antisense gene.
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Fig. 4. In the presence of TSH, FRTL-5 cells transfected
with a sense survivin gene (S cells) produced significantly
more cAMP than FRTL-5 cells transfected with an antisense
survivin gene (AS cells). AS cells produced significantly less
cAMP as compared with FRTL-5 cells transfected with an
empty vector (E cells).
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LT <. MilRORENMICEDTICR/NORM X
TICRZEEHEL TOVEWEAICIE, GIFEZIEG2
WORERNRF = v 7 KA > b THIRE I &2 18X
B22, ULHh LMl ERR, fMiasZ 8ottt &
WG TH S LB MESNTED, MlEEHDETIC
HEELELTIIBERTH-TEH, HKEZE
EEREVEOPMEETNTVE?, T 2 TRAIRER
IR bRz AR T ORIFaSE &, e (b O BEE M D
WTHRGET L 7z,

IAPIINF 2T A )VADT J LPICHERE A,
NREICRITOT 2/ ah 575 %5 0 3K UGS BIR 7% £7
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Fig. 5. The expression of phosphorylated Rb protein at serine
795 in FRTL-5 transfected with survivin sense (S), antisense
(AS) genes, and empty vector (E) in the presence or absence
of TSH.

1 2 3 45

Fig. 6. Electorophoretic moility shift assay showed enhanced
E2F-1 DNA binding activity in FRTL-5 cells transfected
with survivin sense gene (lane 3) as compared with cells
transfected with an empty vector (lane 1) or a survivin
antisense gene (lane 2). The DNA binding of E2F-1 was
inhibited with cold E2F-1 oligonucleotides (lane 4) and was
supershifted by anti- E2F-1 antibodies (lane 5).
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Fig. 7. A typical northern blot of Pax-8, TTF-1, Thyroglobulin
(Tg), Na-I symporter (NIS), TSH receptor (TSHR) as well as
cyclophilin in FRTL-5 cells transfected with an empty vector
(E), a survivin antisense (AS) and sense genes (S).
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Fig. 8. The expression of thyroid specific genes such as
Pax-8, TTF-1, Thyroglobulin (Tg), Na-I symporter (NIS),
TSH receptor (TSHR) as well as cyclophilin in FRTL-5 cells
transfected with an empty vector (E), a survivin antisense (AS)
and a sense gene (S). Data represent the mean &= SD from
three experiments. *, p<<0.01.
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BT, MERE R REFF S B o & FHiREZ Tt X B
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survivinjg & R EFHIC X O TSHEEM DO FRTL-5
MIAEIE, TSHIEKAFEMEICHEGE L7z, TSHDEIIC X
D HfH D cAMPAYSHIA TN L, ASHIETIK L
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N, HMfEE A E X B 2D —D Th D L E X
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LB 5 NT-AY, antisense gene & FHAIA A2 FE R
8505C Tl & 0 B ICHIAMIHI S iz, THIdFig. 1
IS d & DIt 4 DRI I 5 survivin FEEL DS
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BNz EZ BN %, 37/4b B, survivin DFEH
HIHNC T Y 5 72 J i © F B ATRE 2 R L C
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T & T, RoOEHIITSHIEFE FTH Y VLS 1,
E2F-1DOFEMNEI LU T2, RbEAIE, VA7) JMEkdE
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— I BT & o THGERED JTHE U 72 IRRET I,
TMEREMME T 5 EZH5N%. Survivind, JE{bL
il Z ORBEDRE TN TR e D, ok
REZIfl s 2 N TEIN. LA L, survivin
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