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Cyclopamine Inhibits Cancer Cell Proliferation in
Thyroid Cancer Cell Lines

Sung Su Park, M.D., Jin-Woo Park, M.D., Jae-Woon
Choi, M.D., Lee-Chan Jang, M.D., Sung-ll Woo1, M.D.,
Young-Jin Choi, M.D. and Orlo H. Clark’, M.D.

Purpose: The Hedgehog (HH) signaling pathway is im-
portant in development. Recently,ectopic activation of this
pathway has been implicated in several forms of solid can-
cer including basal cell carcinoma, pancreatic cancer, colon
cancer, and prostate cancer. There are three HH proteins
involved in the pathway: Sonic HH, Indiana HH, and Desert
HH. Cyclopamine disrupts Sonic HH signaling by inhibition
of the seven-transmembrane receptor Smoothened (SMO).
Whereas cyclopamine is cytotoxic to several human cancer
cells, its effect on thyroid cancer cellsis unknown. We there-
fore investigated the effect of cyclopamine on cell pro-
liferation in human thyroid cancer cell lines.

Methods: We used fivethyroid cancer cell lines: TPC-1 (pa-
pillary), FTC-133, FTC-236, FTC-238 (follicular), and XTC-1
(Hurthle cell). The MTT assay and cell cycle analysis were
used to evaluate anti-proliferative effects. Tomatidine, a
structural analogue of cyclopamine, was used as a control
agent. Statistical significance was tested by ANOVA.
Results: After 4 days of treatment, the percent inhibition
of growth with a concentration of 5, 10, and 20 M cyclop-
amine in the cell lines were 23.6+4.9%, 66.4+4.7% and
69.3+1.3% in TPC-1 7.5£2.8%, 10.7+£3.2% and 49.6+6.4%
in FTC-133, 19.2+9.5%, 50.4+4.8% and 60.4+2.0% in FTC-
236 22.8+4.2%, 53.4+5.5% and 63.7+4.8% in FTC- 238
7.6+5.8%, 16.6£2.2%, 24.0+4.3% in XTC-1. Treatment with
tomatidine at the same concentrations did not significantly
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affect cell growth. Exposure to cyclopamine, however, did
not affect the cell cycle significantly.

Conclusion: Cyclopamine inhibits cancer cell proliferation in
a dose dependent manner in thyroid cancer cell lines. The
Hh signaling pathway might be a useful therapeutic target
for thyroid cancer. (Korean J Endocrine Surg 2007;7: 69-74)
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Smoothened (SMO)2] &A1& A3t} HH sH¥o| PTCH1
FEAoll A=, sMoodll 23t AT do] A3y of
#EH o2 GLI o] A 3}E] =1, GLI T 9] 7|44
o] A1 o kAl WA sHA] B E o] et (10) o]H o]
2 HH A3 AgAlE A28 SAREA AMate Fast
oz ezw glrt SM0o2 #4S JAlste X g <
=9 W AA] o]dl =Ee] Ysto g X 3 gl A
Aol A= o]u| Cyclopamineo] 7HitEo] A= 31 Qlrt.

B A= HH A% AGAPE 231 28419 A %]
E o] & F e AE Lolie 7= A+EH, SMO
A AAQ] Cyclopamines ©]-83le] HH A5 Ake] 2ol
A AEF] AET} SA wX] & S LolH Sk

o,

IO =

A ESF vl okoll 2 @ 3t Dulbecco’s Modification of Eagle’s
Medium (DMEM):F12 media, 1-glutamine, 1x Trypsin/EDTA
solution, 1x PBSt Cellgro Mediatech (Newark, DE)2 ¥,
penicillin-streptomycin, fetal calf serum (FCS), fungizone->
Irvine Scientific (Santa Ana, CA)ZFE] T3} ). Cyclo-
pamine} Tomatidine-= Biomol Research Lab Inc. (Plymouth
Meeting, PA)Z5-E] F)stglom, 2k2) ollghZof 5o 10
mM FEE GHE 5, gk o 2 3 4ste] Agshglet. 4
I EEofA ALR edlghE e F=7F 0.1% (v/v) luke] H]
Al skglen, o] X2 olghZollA s AlE FA ol AL
ofl 7213k Aol & YehiA] 95gkrhdata not shown). A& 5
7] £4< $13} propidium iodide (PT), RNase= Sigma Che-
mical Co. (St. Louis, MO)ZFE] T3t}

2) MZFeQt = A

A G5 A|EFE UCSF/Mount Zion Medical Cen-
ter?] Orlo H. Clark 2 Z5-E] £RHgE=d], TPC-1-> Nabuo
Satoh (¥E)EHE], 44 o EF A|EFQ] FIC-133, FIC-
236, FTC-238-2 Peter Goretzki (5 )2 5] Fokake o]
QIL,(11) XTC-1 A|ZEF(Hurthle A1 Z)E 2H 518k Zo]
Artk.(12)

A|EF2] FA ekl DMEM-12E 7|2 2.2 10% FCS,
penicillin (10,000 U/ml), streptomycin (10,000 U/ml), fungi-
zone (250 mg/ml)o] E3E =5 thEo] A&t AEF
£ 7HF weE7elA 37 (C, 5% CO2, 95% 029 3735 FrA
slod wioFaloich Ad AlA 2417 ARE SHEEE 1%
FCSE Y3 wiofllo 2 nhito] fA]&9]ct.

3) MIZ Z4A oW HAKMTT colorimetric assay)

bl

Al

ZA) A HAE= 96-well plateS o] &stod, 7+ 27

% 6 well & AH&s}o] ol Fol3lek, RSt AEF ol et
well & A|E57} 3-5x10° S| =5 EFsla, wioke] e B
7}A] F%9 Cyclopamine®} Tomatidine-s E33}= uljokel
o7 29 497 A X3 vhS, Colorometric MTT (di-
methyl-thiazol-diphenyltetrazolium bromide) proliferation as-
says= Al3sld Tt MTT (400 mgiml)S 2+ wellol] H7}sla,
3A17F 59k vllgk7]oll & F, 0.04 N HClfiso-propanol/3% SDS
£ Frksto] 1417 Bk Aol Whx]s}9d Tl ELISA micro-
plate reader (Molecular Devices)& ©]-23}o] 595 nm/620 nm
(l-reference)oll Al F3 5T &5 =4}

AEZAS G2 A8 ol gajol Aot

% Growth=A (control cells)~A (treated cells)/A (control
cells)*x100

4) ME F7| £M(Cell cycle analysis)

6 well plateol] 2] ZHAASH AZE 247 1x10704 BFs
S, A 24417 B HAo] Eit 7 ke wlorst,
A A2 A 2447 B RS 1% FCSE 2 whek
g A8t} Cyclopamines 22t 0, 5, 10 uM F=7}
517 sho] 24417+ 2k S0l . Ix Trypsi/EDTA $4
o] g3lol, AEZS et 5x10° AIEE 200 1 1xPBS
2 A B4 5, 27 70% ethanol 2 mlZ —20°Coll 4] 30
E7F nAsed k. 283 AEE oA dA st AT AE
Ha|3, 0.8 mle] 1xPBSE AF-H-38 5, 1 mg/ml RNase$}t
400 1 g/ml PIZ ZH7F 0.1 m1¥ Y 3] &

Sletel 3TCOIA 302 AT F GAE L4 AWk
2R

FAIZEAS A87F £H] B2 vkE Agsgl o,
Becton DickinsonAt9] FACScang ©o]-&3l9t}. dlolg] E A
£ CELLQuest softwareS o]-&3slo], A A5 Ades}
o] (gating), 10,000 events (cells) o] & o]-&3lR, A|EF
712] E-4-2 Modfit software (Verity Software House, Inc.)&
o] &3l rt.

5) SHZE 9y

AZZAAA AA 23S dzadd X587 7 vlae
ANOVAE o] g3lglon, P<0.05% Fosttta AAslgl
ok A A A== & SPSS 1005 AHEsko] Alegs)

o
AA

v
Hl#sle] THFAQMAIES] A dAS S 2o s
AH-&-3F tomatidines 22 FXE9F X8 7|7 F]toll AlE A
Zol] T dgkE v[%]A] 29k}, Cyclopamine 5% 5, 10, 20 uM
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of| A 447t X 5335 ull, =Tl vk AlE F4 o
Aol H]E&LS TPC-1 A EFAA 23.6+49%, 66.4+4.7%,
69.3+1.3% FTC-133 A|EFol|A] 7.5£2.8%, 10.7£3.2%, 49.6+
6.4% FTC-236 A|EFoll A 19.2+9.5%, 50.4+4.8%, 60.4+2.0%
FTC-238 A|ZEFol 4] 22.8+4.2%, 53.4+5.5%, 63.7+4.8% XTC-

A
1 Control [ 5uM E 10uM HEE 20 uM
100% - _T_ _T_ _T_ l
80% -
60%
40% ’
20%
0% T T T
2 days 4 days 2 days 4 days
Cyclopamine Tomatidine
o
[ Control [J 5uM [E1 10uM HEH 20uM
100%- L. L .
80% -
60% *
40% A
20%
0% T T T
2 days 4 days 2 days 4 days
Cyclopamine Tomatidine
E
[ Control 1 5uM E3 10uM HEE 20 uM
100% - . - =
80%- .
60%
40% A
20%
0% T T T
2 days 4 days 2 days 4 days
Cyclopamine Tomatidine

1 A ZFol A 7.6+5.8%, 16.642.2%, 24.0+4.3% %L cH(Fig. 1).

AAE o= HelE AR wieh vlarsto] AlEae] A
g A5 Hel A=, TPC-19] 4% X & % 494 10 uM
FE o 4ol Aglem, FTC-1339] Z$olle X8 & 494
20 uM FE o]l XTC-19] 7ol A ZE FA4]<]

1 Control [ 5uM E 10uM HEE 20 uM
100% - T T T T
80% -
60% *
40%
20% 7
OO/O T T T
2 days 4 days 2 days 4 days
Cyclopamine Tomatidine
[ Control 1 5uM E3 10uM HEE 20 uM
100%4 = a8 u
80%
60% .
40% T
20% 7
00/0 T T T
2 days 4 days 2 days 4 days
Cyclopamine Tomatidine

Fig. 1. Antiproliferative effects of cyclopamine in hu-
man thyroid cancer cell lines. Cyclopamine in-
hibits cancer cell proliferation in a dose-depend-
ent manner in TPC-1 (A), FTC-133 (B), FTC-
236 (C), FTC-238 (D), and XTC-1 (E). Tomat-
ine is a structural analogue of cyclopamine with-
out action on hedgehog signaling pathway. *P
<0.05.
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3] o T 2= 3L 2
TI3HE HoFole ¥ AR AES fae S

M3l ch(Fig. 2).
2) NIE F7|9 Hs}

H] 24 cyclopamine | Fof] tgk HF-S-Alo] £ TPC-1 A
EFE WELE AZE F7] GIGy, S, Go/M oA 8] AlE £
S Z43% AT, dzFANHE 2 63.744.5%, 31.2+
, 5.1£2.9%°]9 31, cyclopamine 5 uM X] E-ol|Al= 7
7.6+4.3%, 29.4+3.2%, 3.0+1.8%, cyclopamine 10 uM %]
BrodlAE 27 609+11.4%, 35.7+10.0%, 3.5£2.9%%ch
(Fig. 3). 273 2] 5 7bol] %74]7‘4 o2 893 Rol=
EC’]X] okl AEAEE Qulsl= sub-Go/G AlE &
< &7, cyclopamine 5 uM, 10 uM X| S|4 Z+7}
20.0+ 17.1%, 29.2420.3%, 38.4+26.6% %, X} S7tsle &

As BHYA, SAF Fa42 ek

¥ o179 Z3 HH A% Ad5 Xeksh= Cyclopamine®]
Fxoll wlste] FAAGAET AEFAE AltS

0.501
0.40+
@
Ke]
5 0.30+
n
Ke]
(]
L *
5 0.204
(@]
0.10+
0.00 T T 1
0 day 2 day 4 day
Cyclopamine treatment
Fig. 2. Cytotoxic vs. cytostatic effect of cyclopamine in
human thyroid cancer cell lines. Cyclopamine
reduces cancer cell mass at relatively high con-
centrations in TPC-1 (A) and FTC-133 (B),
whereas it dose not in XTC-1 (C). *P<0.05.
807 O couet s . G2V
70 A T
u |
60
c
2 50-
©
>
S 40
o
T 30
O
20
10
O T T 1
Control 5uM 10uM

Cyclopamine treatment

Fig. 3. Changes in cell cycle after cyclopamine treatment in TPC-1
cell line. Cyclopamine dose not significantly affect cell
cycle.

& F ARk AESA] A EIe AEFl ulg} F Ho]
£ B9 =4, TPC-1, FTC-236, FTC-23891| A= v 23 2] &

A7 ARSI A T, FTC-1330014E =2 sEol At &
7} B Qg on, XTC-1-& B2 %] Fol| 24 o]t}
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AE 37) A9 AT A% GyGr AEFT) AL B2
& 4 giglor], 5 Frol velste] -GG AIE &
=

Sonic hedgehog (SHH) Thel>- Z23}2] 9] &gl whAjol| o]

K, 224, |, AR 28AE T oA 79 ol =
2 ubAol] F a3k 93-S 3k} (3,13-15) SHH ¥ o] A%
W A E AZ-S Patchedl (PTCH1)2} Smoothened (SMO),
Z7e] hlzte] 43 A& o2 A Al PTCHIL- SHH
FEA 2 gl 2 AAZ AEW AE ALE FE
8}A] Xstch SHH whio] gl 3H7 o4 PTCHI= Smo<
A& dAsla & ul, ¥xk SHH whHo] PTCH1% Z 3t
s, SMOell gk A A7E Felw A AEY A3 Ado] #1
Pt (10)

= ElollA8 o] SHH AZ HeA9 o] 42 A
oo AT A A3-E Hol |, til F 7HA A=
apAghcka FAsla Qv S A3 A 29 3 Slof]

A o] 7} ¥k A8} 7 L (ligand-independent), HH AFA|7} 2}
] 5] o] (ligand-dependent) 2HAE 4= Q. Azt H$-
Gorlin 537-0] U339l o2 HH AeH =] oA}l
PTCH1¢] Equiol & wAst=d, 3hate B2 9 714
AlESHS e, =4 ¥ E54Q SARAEZ oI 3T
TEFol o|3hE 9ol EolAr}. o]yl Fodwlo|= &yt
A ZNAAZY 2] ARl A R s, ARl A=
SMOS] Eainio]7} #2x] =4, PTCH1S Ao & w17+
3] Zct. o] 2]of|2 HH A% A A o}& 4UQl SUFUS
Eqniol7} Sk SARAEF oA WA e o]
A AR Hol ok F79 hollAE AL AR &

=)

_{

N

A olels A% WA e gue) Bl glo]
£ HH ALERR] oldto] WAz 4 ke 277 54
Q) HH ) Al SaEEe A9, A9 9
oF, ke, Aldet, #sh ARAY 5 W2 UA ellA
A8 vk (4-9,16,17) et o]F o] Ihi o] 71
2 delA QA gkt bk o]| ]F AlZE 9] A7t cyclop-

amineol| oJ &l A £ FAjo] AAF= oz Hol SMO ¥4
o] htAell vi-¢- TogE & = Sirk A HH <
o] Al el oAl 2E3teA 1 FAHY 71A JA] o}
! ekl ok, ® 744 7pAoe] glek wA autocrine
2 A9l Agde] A3E niEo g AkEE
& AlZ7} RHE HH o] A FF Al Eol] 2
+ Zo|t} HbH "hEo]Zl HH who] Fke] dR-E

© E7AIE AeH ez 2gdvs TR v

N

Ju % Jo o2 o
Mo

il

ofo M 1 4

LM rlo
ofN

ok 919 7]A A E(myofibroblast, mesenchyme, stroma

compartment)ol] 2§}l of 7]l A ZHE AARJIAE En|
sto] FF A< weve Aotk

Cyclopamine S-23}F2] @ XJo}(corn lilies)ol| A FZ5|+=
AQAEAZE SMOel| AH-gste] HH ASA2-E xpeksict.(18)
Cyclopamine< SHH th] 2] Futd S Hol= 4 =9}, 4
o, sk, WA, T4 DAL AZE Sol ALZ
Ag elalerd, A% 238 Bl AAE 2~32 4
9] Akl R BTh(461921) T o5 AEZFeA
Cyclopamine X &+ A|ZAES §E393, dAA=
LA GG, AEF7] AA(GI arrest) S -F-E8+9.0m,
cyclin A, cyclin D19] 24, p21, p27 $71H5 538199
gt g g Hus AR AAE 918l FoI3 Cyclopamine?]
S5} oy qheu), ol AEFe) AZ 240 1 of
4 HH A% AAG I EA e olnlt S 3)
31, Cyclopamine®] H| 50|49l 32 A7E & & 9]
Ao s Aol foefof b,

7HdA S A EFNA cyclopamine X| &+ A|EFof v}
WS AS] Aol WYt §FHAERY TPCA% 2EY
A EZQ) FTC-133, 236, 2389] 73S0l vl % w] %=k A
E47 oAl R e B S Aoieh 2ol HEAEY
AEFY XTC18] ASolE vl A el Aol s
o, 23 $EQ 20 WME 407 AR ASE 47 ol
= 2590l AT MlE A g SAel Frhn A7t
TPC-13} FTC-1339] 7d-%oll = ch-& Eae} vlwdh uff v|sL
A =L 10 uM EE 20 uM FEA, AESFTE A& BF
$ i Hol A H4He BRY F dodw, YA BE
of, XTC-1 A|EFof| A= 3k sl vete AlEF4 o] A%
doj-& J&slch AE F7]19 wtollA] FAA o
A 7= oAB A, GG, AEF7]9] v|£o] Cyclo-
pamine 5 uM 559 X 8oll4 k7t F71slA ol 10 uM
SholAe 23y Zaste Ade Hddh aeu A=
A& 2Ju]sl= sub-Go/G; AlE E&-2 Cyclopamine X &
FE7F S713bell whel Srbskdch o]# AAell E A}
10 uM FE9] A g5l e F7H GyG AlEF719] A=
ol AlZzAE A 3l £AFIAY, =2 FE9 A g
Ae AxF7] BA Hebes AR AxAE s f=2ste 7
ol o ZshAl vebd & vk AT 4 Al

2 ATE Sl AL AEFAA L cyclopamine®] Al
LA A 235 ER1% o o] HH A% AdAle &
A AMEF A5 W2 71| A7t e
2 AZgt), 23808 HH A% Ade] AA7 344
o] Az A g ol H7| S =, B wad, e
24, 22 AR Soll T3 JTE 3he o] gAY At
o] 7FA & F e AAHYL 549 o] Afx]ofof 3}
AR, o]¢F vlEo] X859 g A &ele] F e}
o] & fl3lAl= HH A& Adol] frofsi= o whule] wkad
= WES Fevt 93, tiEo] cyclopamineo] A| o1 ¢F
A|Zof| A Al A7 3 ot} 2433 £33 we 3k
HZA Ho|, dAK R o] AUv AL HiEE
uf, ofol] tigk 7} QA= Hedk Ao w A7t (521,22)

{

(o 2 |
o 1% (o
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e =

HH A% AZg Xhsl= Cyclopamines F %ol H#Hs}
of ZHASAIEF A 2F4 S JAIsS e TPC-1, FTC-
236, FTC-238 A|EF0l|A X8 &3 o] £3o, XTC-1<
Hl A X 5ol A oldet. AE F7] E49 A7 Cy-
clopamine®] £0l] 2|3} FEag GG, A EF7]) AL BF
g g gAY, X 8 FEol vlElsle] sub-GyGy AE E&
o] Frlele AEgE HSldh
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