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extracellular signal-regulated protein kinase (ERK)1/2:%4
fait £ 3> @ 3 F2 % focal adhesion kinase (FAK) ~ steroid
receptor coactivator (Src) ~ p-Jun N-terminal kinase
(JNK)1/2 ~ p38% Akt 4 #ifd-v o A rIZiEU0126:7020Sm% ¥ %
R rPIe  Ae "R KT dmte A5 B 2 R e 4 B TGFBI e 3 o g b
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: Osteosarcoma is one of the most common malignant bone

tumors and harbors highly metastatic properties. Metastasis
of cancer cells, a primary cause of cancer death and a
multiple and intricate processes, may complicate the
clinical management and lead to a poor prognosis for cancer
patients. Niclosamide, salicylamide derivatives, is a Food
and Drug Administration-approved oral antihelminthic drug
and has anticancer activities. However, the effect of
niclosamide on cancer invasion and metastasis of different
osteosarcoma cell lines and the underlying mechanisms of
such effect is not exhaustive. Here, we tested the
hypothesis that niclosamide suppresses migration and
invasion, features that are associated with metastatic
process in human osteosarcoma cells and also investigate
1ts underlying pathway. In our preliminary study, U20S and
HOS osteosarcoma cell lines have been treated with
niclosamide and then subjected to assays for cell migration
ability. The results showed that niclosamide, up to 200 nM,
without cytotoxicity, inhibited the invasion and migration
capabilities of human osteosarcoma U20S and HOS cells and
repressed transforming growth factor beta-induced (TGFBI)
expression of U20S cells. After the knockdown of TGFBI,
U20S cells’ biological behaviors of cellular invasion and
migration were significantly reduced. While niclosamide
significantly decreased the phosphorylation of



o M

extracellular signal-regulated protein kinase (ERK)1/2 in
U20S cells, no obvious influences on focal adhesion kinase
(FAK), steroid receptor coactivator (Src), p-Jun N-terminal
kinase (JNK)1/2, p38, and Akt, including their
phosphorylation, were observed. In U0126 treating UZ20S
cells, niclosamide further enhanced the decrease of their
migration/invasion and TGFBI expression. We conclude that
TGFBI derived from osteosarcoma cells via the ERK pathway
contribute to cellular invasion and migration and
niclosamide could inhibit the phenomenons. These findings
indicate that niclosamide may be a powerful candidate for a
preventive agent against osteosarcoma development and
metastasis.

Niclosamide, osteosarcoma, metastasis
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Osteosarcoma is one of the most common malignant bone tumors and harbors
highly metastatic properties. Metastasis of cancer cells, a primary cause of cancer
death and a multiple and intricate processes, may complicate the clinical management
and lead to a poor prognosis for cancer patients. Niclosamide, salicylamide
derivatives, is a Food and Drug Administration-approved oral antihelminthic drug and
has anticancer activities. However, the effect of niclosamide on cancer invasion and
metastasis of different osteosarcoma cell lines and the underlying mechanisms of such
effect is not exhaustive. Here, we tested the hypothesis that niclosamide suppresses
migration and invasion, features that are associated with metastatic process in human
osteosarcoma cells and also investigate its underlying pathway. In our preliminary
study, U20S and HOS osteosarcoma cell lines have been treated with niclosamide
and then subjected to assays for cell migration ability. The results showed that
niclosamide, up to 200 nM, without cytotoxicity, inhibited the invasion and migration
capabilities of human osteosarcoma U20S and HOS cells and repressed transforming
growth factor beta-induced (TGFBI) expression of U20S cells. After the knockdown
of TGFBI, U20S cells’ biological behaviors of cellular invasion and migration were
significantly reduced. While niclosamide significantly decreased the phosphorylation
of extracellular signal-regulated protein kinase (ERK)1/2 in U20S cells, no obvious
influences on focal adhesion kinase (FAK), steroid receptor coactivator (Src), p-Jun
N-terminal kinase (JNK)1/2, p38, and Akt, including their phosphorylation, were
observed. In U0126 treating U20S cells, niclosamide further enhanced the decrease
of their migration/invasion and TGFBI expression. We conclude that TGFBI derived
from osteosarcoma cells via the ERK pathway contribute to cellular invasion and
migration and niclosamide could inhibit the phenomenons. These findings indicate
that niclosamide may be a powerful candidate for a preventive agent against

osteosarcoma development and metastasis.

Key word: Niclosamide, osteosarcoma, metastasis
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[17] ~ STAT3 [18, 19, 29] ~ NOTCH [30] 4= NF-kB [31] o o4 &= & crF= 5 ¢
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1. ‘m¥% it % % iR

¥ B ke & U20S 1% DMEM # % & 4c » i £ antibiotics 2 10% FBS 32
% ; HOS 41* MEM 22 & 3 4 »~ if £ antibiotics 2 10% FBS 32 % ; M7 F kR
2 & ® ez (0,50, 100, 200 NM) *t 37°C ~5% CO, ‘m*e 32 % 4% 127 » LT % 2

REIE F A i 0-48 /| PEiS > B mip R (TA T B o

2. MTT (microculture tetrazolium) 4 4%

AR S%E Y MTT ke £F 5 S22 L3 5% o % U20S fo HOS
¥ B Ry mve tht 8x10% cimre oA 3 243445 ¢ S 37°Cs & 16 ] PE 0 4o ~ & AV
MR 24 [ RIS 0 A e Behimie g Rk 0 4o r 08 ML w10 &
H-f¥ 20 MTT reagent (final concentration 0.5 mg/mL) » & g % 4 /] pF2_ i3 4 ' 38
Ao LR AR BRI D2 0.D.563nm TR ARk d Bk

R¥P Bzt aime it & o

3. Wound healing 4 7
B P B Ry e D6 S A > B A 16 PFE N
tip 341 v I dT 7 IRk R cng A (0-200 nM) 0 3t 12~ 24 2 48 o) pELS

G R T £ Pl

4. Cell migration 4 5

f1* 48 well Boyden chamber 24 47 = ;% > lower chamber % z 7 10% FBS
eim e 52 & % 0 #-dm e 12 0.05%:0 trypsin-EDTA =7 {5 * trypan blue 3+ & m¥z
fic > Rk~ B g gvmre (10* cell/well) *t upper chamber o & %2 #% # 24 ]

PEHS 0 BT NS T iR et 10 A4 0 B 51502 Giemsa (1 10) %4 3 )
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5. Cell invasion 4 7

#- cellulose nitrate filters 5g £ coating + Matrigel » #_ laminar flow k iz 3-5

-

| PE S B o-dm e 12 0.05% 0 trypsin-EDTA =7 {8 * trypan blue 3+ & ‘% $ic > X {8
i3~ B2 ehimve (10* cell/well) *+ upper chamber » % &%z # 6 24 ] pF 1215 >
B R 0T AR we 10 4 480 B §z (s 2 Giemsa (1:10) % ¢ 3 ) pF 0 £ i

B RN R K e A 100 8 AIACE R T LR BT G e B o

6. RNA 33~ 2 F iéF &

B B e e 3 & R 4 “ﬁc‘ » 11 4°C PBS Fikimrz (4 “fé PBS - & 4f i
3 =t o & * total RNA mini kit (cultured cells) (Geneaid Biotech Ltd., Taoyuan,
Taiwan) % B~ total RNA > # % @ * high capacity cDNA reverse transcription kit
(Applied Biosystems, Foster City, CA, USA) # RNA & # &= 3 4 DNA

(complementary DNA; cDNA) -

7. *E T E R L&pFid 4 F & (Real-time polymerase chain reaction; Real-time
PCR) 4 #

P~ cDNA “4v »~ primer (Table 1) 4= SYBR Green tzd & » R £ 353 1% »

1““@
‘p‘

StepOnePlus™ Real-Time PCR System (Applied Biosystems) i& {7 jp]

{8 11 At 2 47 MRNA ch& E -

8. 3¢ F (protein lysate) %l %
HeFoemre g A pd g o % 4°C PBS it A s ot

PRO-PREP™ 3-5 % 533 % [L mM phenylmethylsulfonyl fluoride (PMSF) - 1



mM EDTA ~1 uM pepstatin A ~1 uM leupeptin ~ 0.1 pM aprotinin] (iNtRON
Biotechnology Co., Seoul, Korea) » #|2‘wm% > jc & 3 1.5 mL eppendorf » > 41 *
Az F A fw e g% Misonic Sonicator 4000 (Qsonica, LLC, Newtown, Connecticut,
USA) Rakimbe » Fimrezid o %52 F 77 » £ 1213200 rpm g >+ 4

T 30 » 48 > s B+ % 2747 1.5 mL eppendorf > 7% 3+-20C % * -

9. 39 kR P

F-v F ez § 5 * "Bradford’s protein assay" 2 > H RIL I Fov T £
Coomassie billiant blue G-250 2= ¢ 4F &4 » § ¢ ARiF4 7 v T 7 EA
BoRlE A E i A - kA drjk R BSAs 4 » T 4 2 - #8 4 <0 Bradford protein
dye 2 £ 595 nm z_ v sk B 1T - R W & & U ke 22 E R F R &2 O.D.

B0 T MRS RIS R kA

10. Western blotting 4 7
B AEE 10-12.5% SDS-PAGE % A 7 » BT iAf e » T4 » A
7 > B~ 16 pL sample (39 %% 20 ug)- 4c » 4 uL 2. 5 & loading buffer - #- sample

denature (100°C > 10 min) z_ {3 £ loading |7 /& % ¢ » 12 140V & {7 774 & 3 o

A=

§ 4] pFz_{s > BT T iR (7 B0 #& i3 0 - NC paper & » k4 2 transfer buffer
F P R8s 2 ~ transfer holder» > 4°C ™ > 2 400 A & {74 7% 2 /] P> B~ 41 NC
paper 4 » blocking buffer > % % 8 T ## 1 -] BF o R4 » - PRt TBS
buffer- & 4°C ™ & J& overnight 2 {2 v washing buffer (TBS + 0.05% Tween 20) i
e 2t 0 H 2 10 A4k 0 BFR 4o~ - BfagEst TBS buffer » »- 38 7% 2 ] pF
ts v washing buffer %2 & » # =t 10 & 48 - Befs e » ECLEF R ¢ F i » ¥

VI N B A -k



11. siRNA # %

R S imre 11 8x10° ehim e B AT 6 A A e A ¢ o 12 % 24 o] pE
me £ 94 XaB A H* o @ Lipofectamine® RNAIMAX Reagent (Invitrogen,
Carlsbad, CA, USA) &7 # % chF % o 7 LB 150 pmol siRNA fr 250 pL
Opti-MEM® | Reduced Serum Medium (Invitrogen) /& £353 » ¥ ¢t B~ 15 uL
lipofectamine {= 250 uL Opti-MEM jR £ 353 » £ p 3 iF 5% 5 A4 HF#5 F
frh- Az R EIF R FETR 20 44 0 K6 AR A hiwie 1L PBS ik
Lo R R R L s 4o r 2 mL Opti-MEM - % %F #- lipofectamine
2 SIRNA 8 £ e » > IEtef k2 A R 8393 > A 37TCam% 2 % #F Ik 72

PR 0 BT e AT e

12. #3445

LR SR Byp TS A R R £ (mean + standard deviation) # 7 312

student’s t-test »* e FF 2. £ & » 535 0]t SPSS HiMie (7 A 47 &2 M A E

<0.05 %4 B sz b B F L R o
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1. & Al fersietd 2 3FF B B hwo2 % U20S v HOS %2 33 i F e 3P
#-U20S 4 HOS # p B ine 12 8x10% chim®e iz % .24 32 % p > 2 %
6 ] FEis > &3 7 kR hE A ¥ (0,50, 100, 200 NM) AJE 24 | B {5 0 -
FA5 % 0 I MTT assay # #lsmee chiziE 5 o o % % 3 3 U20S {r HOS m¥e &

F AR R R PR 2 T X R € B e iz B 5 (Figure 1) o

2. & Ayt A S F B B swe tk U20S 4 HOS Jm% # {7 4% 4 el 4
#- U20S 4r HOS 1 f % imre 11 8x10° chim® e ks % .6 DA R HFx p o 12
16 | pFisfl* & v i & #55° (would healing assay) 1 tip ] 21 o 02 0 ] £
hg g e (0, 50, 100, 200 NM) AU > ¥t 12~ 24 2 48 0] pEi% > o BEACH T B
B v £ DRI e B R A AIRT U R ] U20S {r HOS # ¢ im

thenfs 750 4 (Figure 2) o

3. & A Prist A S F P B ine $ U20S 4o HOS oz B d gr iR i 4 cnfs 38

#- U20S 4r HOS # p #imoe 11 8x10° chim® e it % 2.6 DA R H T p v 12
% 16} PFis > %3 2 Ik B ehg A e (0, 50, 100, 200 nM) EJ® 24 ] BF > 14
trypsin-EDTA 4= T #7% Mm% & * ftrypan blue £ #73- 5 % oo X 18 10 F 2 & ehlm
s (10% cell/well) 2 #: load % Boyden chamber shwell ¢ >t 37°C 3 % 44 F Ji 24

) pE o £ o w4 cell migration 2 cell invasion 4 452 2 > & B2 45 H # # fe

e
%&
3

i 40 B 2 A RIE § A iRz $ B B R0 e 5 B U20S 4 HOS

g
e
3
>‘h¥

LS T EF & APORR R A e q O R R F A PRT L R

TR
U20S v HOS # ¢ Bz thenfs # 2 iz 50 4 (Figure 3) o



4, F A syt A S5 F P B imre 3k U20S 3 RNA £ iz 3
# U20S F p Bime 11 55x10° chim e it % 4 6 S AR AT > B % 24
 FELS 0 2 040 200 NM eng B iR 24 o pF oo 3 B-H total RNA > i# 3 R
LA PFHILGF LD 7217 RNA 25 - 5 5% % 7 Heatmap & 3R (Figure 4)
P~ p<0.05 % log, fold change + 1.8 47 > 7 16 B A ¥4 m& + 2 (RENBP ~
ZNF114~GPNMB~TNFRSF14~PKD1L2~GREB1-SH2B2~RAB3IL1 - CASKIN1 ~
UAP1L1 ~ NOV ~ PLEKHF1 -~ TRIB3 ~ VGF ~ UNC5B {r HSD17B14) > 7 4 # &
14 & T % (TGFBI ~ CCL24 ~ HIST1H2BK 4= CXCL14) -
- #H 22 E dreal-time PCR = 2 /r 2 A F]1& I o #-U20S 1 % k&
& # ez (0, 50, 100, 200 NM) ASZ 24 ] phis » 5B # total RNA ¥ F f45=
cDNA - #-cDNA ;2 & primer 2 SYBR Green :##] {4 + # 4~ 7 RENBP ~ZNF114 ~
GPNMB ~ TNFRSF14 ~ PKD1L2 -~ TGFBI ~ CCL24 4= CXCL14 = mRNA % 11 >
25 o & M Preig U20S F f B etk 2 RENBP ~ ZNF114 - GPNMB -
TNFRSF14 4 PKD1L2 ¢ mRNA # & # +c (Figure 5) » TGFBI ~ CCL24 v

CXCL14 5 mRNA # 3£ & > (Figure6) -

5. F Arirsiit A g F P Biwe k U20S H TGFBI 3-v % e P

# U20S ¥ p yimie 2 55x10° chime Bkt £ 6 6 S AR EFT R > 2% 24
| PRS0 AR R B Ghg AV iR (0, 50, 100, 200 nM) 24 ] pE > S H Few B
™ anti-TGFBI e37%8 i& = Western blotting 4 47> # 12 B-actin en % JL £ ¥ % internal
control - % % &g+ % A ¥riei@ U20S # B B iwie k2 TGFBI kv £ R E R

(Figure 7) -

6. TGFBI % 5% % 207 $h U20S Mm% # f 87 2 it 4 ey 38
#-U20S F p Bimme 0 8x10° chim e it % 4.6 S AR AT N 0 & 24 )

P¥ 15 > 4w # 2 Non-targeting Control siRNA (NTsi) % TGFBI siRNA (TGFBIsi) 72



P > 12 trypsin-EDTA = #74 fm¥e & * trypan blue € 373+ ¥ ime dic > #X 18 1
7 2§ hime (10° cell/well) 2 # load 7 Boyden chamber i well # >+t 37°C 32
HfF K24 ) £ & w4 * cell migration 2 cell invasion g4 472 2 5 & )
AT E B R feB au 4 o FT giwre B8 total RNA & F 4= cDNA » #
cDNA ;& & TGFBI primer 2 SYBR Green :#4] {s } #4172 mMRNA % 3 o

% 28 NTsI 2o P8 fe ot fieo 3 % B ot U20S # 4 TGFBI SiRNA 1 7 #r+4] TGFBI
s mMRNA % 3 (Figure 8A) > » P Bgdr4] U20S ¥ p w2 thenfs & 2 8 i 4

(Figure 8B) -

7. F AERE A S F R B ime dh U20S H i 4 @R 39 A R R

# U20S F p mimee 1 55x10° cim e BS % 1 6 SA B T R > 1% 24
PELS 0 R ek B eng #E e (0,50, 100, 200 nM) 24 o) pE > FB-H Fod F
2 anti-FAK ~anti-Src~anti-ERK ~anti-JNK ~anti-p38 ~anti-Akt total 2 phosphorylated

syl iE 7 Western blotting 4 45 > I 14 B-actin <& 3L € i 5 internal control -

it

% B & A preRie U20S F p R iwmoe pkH B 0 ERKL2 ehd-d 2B RS

(Figure 9) -

8. 1% MEKL/2 #r#]#] U0126 & § A ¥rixle pf &2 U20S ¥ f Bt 4
i+ 2 TGFBI 2 E 2 3

d Figure 9 en§ Bk % (T 4w Al iz € o4 U20S F p B imoe $k 3 ERKL/2
BEpL s v chR R E > FIM AT 3B - IR & AR T B B ARG - ERKL/2
0 KB TGFBI i Riga B 8w 56 2 ER i 4 o 4 U208 ¥ ¢ &l
017 8x10° chim e el % A6 D AR H T p oo & 24 ) P F FEESE 200 NM
& A roegr 10 pM h U0126 £ 33 4 24 ] pFo 12 trypsin-EDTA 47 T 1§ 'm#e 3 %
trypan blue & #7:* 5 oz fic » 2R {5 1 B 2 E chwre (10° cell/well) & 3 load &

Boyden chamber sowell ¥ >3t 37°C3 % 48 5 & 24 ) &> £ & w41 * cell migration



z cell invasion & 473 % > s s E B foE R au 4 o X T & AR
i & U0126 7 12 § 4edrd] U20S 4 p B imie thenfs 8 2 =% 4 4 (Figure 10) o
B T chimre P~ 4 total RNA T & f&45-= cDNA > #-cDNA ;& & TGFBI primer
% SYBR Green :##| 15 F #4452 MRNA £ 3 o 2% K1 & & okl gL

U0126 + + { 4c#r4| TGFBI h mRNA % 1 (Figure 11) -
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EAEM PS> AP T FIRE A RirdF F Bee kB T BB &
R ¥ BERS TGFBI ehik ME & drdlpipe v ERKL2 3 4 @383 - TGFBI
(Transforming growth factor beta-induced) # 4 % Pig-H3 {- keratoepithelin » &_
d transforming growth factor-B (TGF-P) i ¥ A 2 - flmre ¢b & i JL B 3
[35] » % ot F fwie frrh s e ¢ o TGFBI o /it TGF-B 14 #17 5ify
PR ABA9 ¢ R EE I KO AT B R FT 0683 Bk v (68 kDa) 7
MG @ = » & 7 — 1% N-terminal secretory signal peptide ~ » i internal homologous
repeats (FAS1 domain) fr— i# C-terminal Arg-Gly-Asp (RGD) motif “ 4 integrin
erfie 48 ) - 2t [36]0% 7 TGF-B #t »interleukin-1-retinoic acid 4= tumor necrosis
factor-a ~ ¥ 3% % TGFBI 04 3 [35, 37]-TGFBI ¥ - & 4 3+ - ¥ 3 & integrin
% & 3 collagen ~ laminin {= fibronectin % ‘w®z ¢ L 5 3w > & S22 3 2
(morphogenesis) ~ fmfz 3 4 ~ Zk ~ BH - L foF L F K [35, 36, 38-46] 0
BT RR [47] > dph AR &L [48] ~ Rk R A 1 [49] ok [41, 45, 46]
:eﬁ.-f;:;];;;;g B o kG FA Y dp 13 4 TGFBI eha 3R ¢ iRaE 4 SRR [50] ~ % %
[51] - % %R [46] "+ [52, 53]~ 5 [54]~ itk t A % [55]~ =+ 7| BJTU% [56] -~
T iy [ST]~ < o [41] Ao ¥ B [58] dwre g o b ipl LR e S B
PR B — %o § TGFBI ehd MALFr4|p bz e 75+ € "g2 5 (Figure 8) >
Flot > TGFBI &4 ¢ @2t £ & ek 4 > rd| TGFBI e ¥ a0 ¥ 12
Pl E A A B A 3 EEF o AP LET & AR S Edr e ¢ ERKL/2
WA BRI kg TGFBI ek 3 > s&/ drd | F f Blmre cnfg 45 o F)0t > & A

frow L G R B AW B B o
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Table 1
Primer Sequence 5°—3’
RENBP Forward: GGAGGCAGGTATGGATGTATTGTC
Reverse: TCCCGAGTCAGCACAAAGG
ZNF114 Forward: TAGGGCACACAACACTCATGGT
Reverse: GCAGAGGTTGCCCCAGTTT
GPNMB Forward: TGGGACGATGTTCAGTGAGAGT
Reverse: GAATCTGATCTGTTACCACGTACACA
TNFRSF14 Forward: CAGCTGGCTGGTGACGAA
Reverse: ACTACATCACCCCTTGGCTTTC
PKD1L2 Forward: CTGCCGTGTCAGAGAAAATCC
Reverse: TCTGACCTTCTGTCTGACGTCTATG
TGFBI Forward: CGTAATAGCCTCTGCATTGAGAAC
Reverse: CAGCATGCTAAAGCGATTGTCT
CCL24 Forward: CCATAGTAACCAGCCTTC
Reverse: CAGGTTCTTCATGTACCTC
CXCL14 Forward: GGACCCAAGATCCGCTACAG
Reverse: CGTTCCAGGCGTTGTACCA
GAPDH Forward: GGAGCGAGATCCCTCCAAAAT

Reverse: GGCTGTTGTCATACTTCTCATGG
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